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SUMMARY 
Otters are the semiaquatic members of the family Mustelidae that evolved 30 
million years ago. There are 13 species of otters placed in four genera of which three 
species are found in India. Lack of ecological information initiated this study. The study 
has four major objectives: To 1) determine the status and distribution of oilers in NCS 
and the factors governing their distribution 2) examine the feeding habits of otters and 
to relate them with prey abundance 3) describe ranging pattern, habitat utilization and 
social organization of otters and 4) quantify the level of interspecific competition and 
human pressure on otter population in the Sanctuary. 
The study was conducted along a 425 km stretch of Chambal river in National 
Chambal Sanctuary in central India. The Chambal a fast flowing perennial river passes 
through extensive ravines that keep it free from pollution. 
The climate of the Chambal valley is semi arid with low rainfall. The vegetation 
is dry deciduous thorn forest. Riparian vegetation is absent. The area is predominantly 
grazing pasture with low human population. Four types of river banks have been 
identified; rocky bank, sandy bank, clayey bank and bank with shoreline vegetation and 
marsh. 
The study was conducted in four phases. Preliminary study was carried out to 
identify the distribution pattern of otters in the study area. On this basis, intensive study 
on one otter family was done by radiotelemetry. The study on feeding habit was done 
by scat analysis. Estimation of prey species was done by netting fish. 
While analysing, data were compared for within-year variations between months 
and seasons. If either was significant, months and seasons were compared separately. 
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The climatic study revealed that monthly variation in rainfall and temperature was 
similar between the study periods. On the basis of rainfall and temperature three 
seasons were identified. 
The distribution of otter population along the Chambal river is largely restricted 
to the upper reaches between Pali and Panchhnada. The distribution is patchy and 
clumped in the upstream and sparse in the downstream. 
During 1988, 36% sites were found positive of otter activity where as in 1992 it 
was 24%. There has been large scale increase in the disturbance along the river due 
to cultivation, construction of road bridges and mining, which might have put pressure 
on the population. During the survey 90% sites were found positive within standard 600 
metres of search, whereas additional 10% more sites were found positive when the 
survey length was increased to 1000 metres. 
Most of the positive sites (66%) were found on rocky banks, followed by clayey 
banks (19%), banks with shoreline vegetation and marsh (11%) and sand banks (3%). 
Rocky river banks which were used more, provided both cover as den and resting sites 
followed by banks with vegetation, whereas clayey and sandy banks were not 
preferred. 
Food habit of otter was studied by analysing 560 scat samples collected during 
1989 and 1990. Fish was the most important prey of otters throughout the year. Twelve 
fish species belonging to 8 families were identified. Rhinomugil corsula and Rita rita 
were most important prey species eaten through out the year. Otters supplemented 
their diet with birds, crabs and shrimps. The number of prey species used varied 
considerably. It was greater in winter than in summer or monsoon. 
Smaller prey like shrimp and crab were mostly eaten during winter. Birds were 
eaten in proportion to their availability during winter than in summer. Prey species 
consumed were mostly in the proportion to their availability. 
The size of the prey varied from 5-45 cm. The selection of prey depended on the 
availability (abundance and catchability). Fish of economic values such as major carps 
constituted a small percentage of the diet. 
Four otters were captured by Tomahawk and Leghold traps, immobilized with a 
combination of ketamine and xylazine hydrochloride (Hellabrunn mixture). The mean 
dose of Hellabrunn required to anaesthetize 2 adult and 3 juvenile otters was 1.04 
ml/otter, or 0.182 ml/kg body weight, or 15 mg of KHCL and 18 mg of XHCLVkg body 
weight. 
Otters were radioimplanted, released at the capture sites and monitored for 11-
22 months, from land and water by triangulation as well as by homing on to the 
animals. Locations were made on 1:50,000 topo-sheets with 250 m grids. 
Movement pattern was examined from the distance travelled between 
consecutive day locations; range length was estimated from the total length of river 
stretch used by instrumented and non instrumented otters, range area was calculated 
from range length and mean width of the river in dry seasons and habitat preference 
was determined by comparing habitat availability and utilization. Activity centres were 
defined as areas with more than 5% of locations. 
There was significant variation in movement pattern between seasons. It was 
greater in summer than in winter or monsoon. Movements were largely restricted 
between dens and foraging sites. Most of the movements were between 250-1500 
metres. The maximum distance travelled between consecutive day location was by a 
sub adult male (7500 m). 
Home range of male was larger than female. The juvenile home range area was 
similar to female with pups. Availability of den and foraging sitos nppoarod to influonco 
home range. Dens were important foci of activity, used by family groups from 
September to March. Eighty nine percent den sites were in natural rock cavities. 
Otters in the study area showed greater preference for rocky stretches in all 
seasons. Stretches with shoreline vegetation and marsh were used in proportion to their 
availability especially in summer. Open clayey and sand banks were not preferred. 
Activity pattern of otters was in the form of a bimodal curve in which two period 
of high activity were separated by a period of relative inactivity, in summer, ttie relative 
period of inactivity was greater than other seasons whereas during winter otters were 
more diurnal. Travelling and grooming were the most prevalent activities recorded 
during 422 sightings. Grooming was recorded as the second important activity of otters. 
Habitat and diet of otters overlapped with muggers and gharials, however no threat 
through interspecific competition was visualized. 
The group size varied from 1-9 (mean=4.62). The overall group size was similar 
between two study periods, however it varied considerably between months and 
seasons. Group size was maximum in monsoon and minimum in winter. 
The basic family group consisted of adult female and her offsprings. Otters in the 
study area appeared to be more social than that was reported for other otter species. 
In the Chambal valley, mating occurred in Aiinufit-vSftptflmbfir nnd littorinn in Novembor 
December. The mean litter size was 3. 
It is suggested that management activities such as monitoring of otter population 
should be done regularly and restrictions on cultivation, grazing and mining along the 
bank in National Chambal Sanctuary should be imposed. A country wide survey to 
asses the status of otter population and their habitats have been suggested. 
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PREFACE 
This dissertation summarises the results of a study carried out on the ecology 
of smooth coated otter in National Chambal Sanctuary. The study was sponsored by 
Wildlife Institute of India, Dehra Dun through the project "Ecology of aquatic mammals 
in National Chambal Sanctuary". Field work for the study was carried out between 
January 1988 to June 1992. 
The dissertation consists of nine chapters. Chapter one to three give broad overview 
and background of the species, study area and methods. Chapter four to eight are the 
major chapters. Each of these chapters have three sections that include methodology 
adopted for data collection and analysis, results and discussion. Chapter nine gives 
management implications of the study. The overall organization of the thesis is as 
follows. 
Chapter-1 introduces otters, their phytogeny, systematics, distribution and overview 
of their status in India. It also discusses the rationale behind taking up this study and 
its aims. 
Chapter-2 describes Chambal river and National Chambal Sanctuary, its geology, 
climate, vegetation and fauna. Apart from this it gives a brief account of the intensive 
study site where telemetric study was carried out. 
Chapter-3 gives scheme and study methods, describes methods of analysis and 
statistical tests used, quantifies and presents the climatic factors such as temperature, 
rainfall, relative humidity and seasons in the study area. 
Chapter-4 discusses the distribution pattern and factors influencing distribution of otters 
in National Chambal Sanctuary . It quantifies changes in the status of otter population 
between 1988 and 1992, and enumerates factors detrimental to otter populations. 
Chapler-5 enumerates feeding ecology of otters in the study area. It describes the diet 
composition, number of prey species used, and variation in species used between 
years, months and seasons. It quantifies the importance of different prey to otters and 
their availability and use in different seasons. 
Chapter-6 discusses rationale behind taking up of telemetric study and describes the 
capture, immobilization, radioimplantation and monitoring procedures. 
Chapter-7 deals with the variations in movement pattern and home range among 
different age and sex in various seasons. It provides information on the seasonal 
habitat use and factors influencing it with a brief account of den and foraging sites. It 
enumerates the activity pattern, behavioural activity and interaction with other species. 
Chapter-8 describes seasonal variations in group size, group association and 
discusses breeding schedule in the study area. 
Chapter-9 discusses management implications of this study in context to National 
Chambal Sanctuary as well as on a National perspectives. 
SUMMARY 
Otters are the semiaquatic members of the family Mustelidae that evolved 30 
million years ago. There are 13 species of otters placed in four genera of which three 
species are found in India. Lack of ecological information initiated this study. The study 
has four major objectives: To 1) determine the status and distribution of otters in NCS 
and the factors governing their distribution 2) examine the feeding habits of otters and 
to relate them with prey abundance 3) describe ranging pattern, habitat utilization and 
social organization of otters and 4) quantify the level of interspecific competition and 
human pressure on otter population in the Sanctuary. 
The study was conducted along a 425 km stretch of Chambal river in National 
Chan^al Sanctuary in central India. The Chambal a fast flowing perennial river passes 
through extensive ravines that keep it free from pollution. 
The climate of the Chambal valley is semi arid with low rainfall. The vegetation 
is dry deciduous thorn forest. Riparian vegetation is absent. The area is predominantly 
grazing pasture with low human population. Four types of river banks have been 
iden^ed; rocky bank, sandy bank, clayey bank and bank with shoreline vegetation and 
marsh. 
The study was conducted in four phases. Preliminary study was carried out to 
identify the distribution pattern of otters in the study area. On this basis, intensive study 
on one otter family was done by radiotelemetry. The study on feeding habit was done 
by scat analysis. Estimation of prey species was done by netting fish. 
While analysing, data were compared for within-year variations between months 
and seasons. If either was significant, months and seasons were compared separately. 
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The climatic study revealed that monthly variation in rainfall and temperature was 
similar between the study periods. On the basis of rainfasl and temperature three 
seasons vvere identified. 
The distribution of otter population along the Chambai river is largely restricted 
to the upiOer reaches between Pali and Panchhnada. The distribution is patchy and 
clumped iin the upstream and sparse in the downstream. 
During 1988, 36% sites were found positive of otter activity where as in 1992 it 
was 24%.. There has been large scale increase in the disturbance along the river due 
to cultivation, construction of road bridges and mining, which might have put pressure 
on the population. During the sur/ey 90% sites were found positive within standard 600 
metres of search, whereas additional 10% more sites were found positive when the 
survey length was increased to 1000 metres. 
Moist of the positive sites (66%) were found on rocky banks, followed by clayey 
banks (t9»%), banks with shoreline vegetation and marsh (11%) and sand banks (3%). 
Rocky rh/er banks which were used more, provided both cover as den and resting sites 
followed by banks with vegetation, whereas clayey and sandy banks were not 
preferred. 
Food habit of otter was studied by analysing 560 scat samples collected during 
1989 and 1990. Fish was the most important prey of otters throughout the year. Twelve 
fish species belonging to 8 families were identified. Rhinomugil corsula and Rita rita 
were mos>t important prey species eaten through out the year. Otters supplemented 
their diet with birds, crabs and shrimps. The number of prey species used varied 
considerBibly. It was greater in winter than in summer or monsoon. 
Smaller prey like shrimp and crab were mostly eaten during winter. Birds were 
eaten in proportion to their availability during winter than in summer. Prey species 
consumed were mostly in the proportion to their availability. 
The size of the prey varied from 5-45 cm. The selection of prey depended on the 
availability (abundance and catchability). Fish of economic values such as major carps 
constituted a small percentage of the diet. 
Four otters were captured by Tomahawk and Leghold traps, immobilized with a 
combination of ketamine and xylazine hydrochloride (Hellabrunn mixture). The mean 
dose of Hellabrunn required to anaesthetize 2 adult and 3 juvenile otters was 1.04 
ml/otter, or 0.182 ml/kg body weight, or 15 mg of KHCL and 18 mg of XHCL/kg body 
weight. 
Otters were radioimplanted, released at the capture sites and monitored for 11-
22 nnonths, from land and water by triangulation as well as by homing on to the 
animals. Locations were made on 1:50,000 topo-sheets with 250 m grids. 
Movement pattern was examined from the distance travelled between 
consecutive day locations; range length was estimated from the total length of river 
stretch used by instrumented and non instrumented otters, range area was calculated 
from range length and mean width of the river in dry seasons and habitat preference 
was determined by comparing habitat availability and utilization. Activity centres were 
defined as areas with more than 5% of locations. 
There was significant variation in movement pattern between seasons. It was 
greater In summer than in winter or monsoon. Movements were largely restricted 
between dens and foraging sites. Most of the movements were between 250-1500 
metres. The maximum distance travelled between consecutive day location was by a 
sub adult male (7500 m). 
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Home range of male was larger than female. The juvenile home range area was 
similar to female with pups. Availability of den and foraging sites appeared to influence 
home range. Dens were important foci of activity, used by family groups from 
September to March. Eighty nine percent den sites were in natural rock cavities. 
Otters in the study area showed greater preference for rocky stretches in all 
seasons. Stretches with shoreline vegetation and marsh were used in proportion to their 
availability especially in summer. Open clayey and sand banks were not preferred. 
Activity pattern of otters was in the form of a bimodal curve in which two period 
of high activity were separated by a period of relative inactivity. In summer, the relative 
period of inactivity was greater than other seasons whereas during winter otters were 
more diurnal. Travelling and grooming were the most prevalent activities recorded 
during 422 sightings. Grooming was recorded as the second important activity of otters. 
Habitat and diet of otters overlapped with muggers and gharials, however no threat 
through interspecific competition was visualized. 
The group size varied from 1-9 (mean=4.62). The overall group size was similar 
between two study periods, however it varied considerably between months and 
seasons. Group size was maximum in monsoon and minimum in winter. 
The basic family group consisted of adult female and her of^prings. Otters in the 
study area appeared to be more social than that was reported for other otter species. 
In the Chambal valley, mating occurred in August-September and littering in November-
December. The mean litter size was 3. 
It is suggested that management activities such as monitoring of otter population 
should be done regularly and restrictions on cultivation, grazing and mining along the 
bank in National Chambal Sanctuary should be imposed. A country wide survey to 
asses the status of otter population and their habitats have been suggested. 
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CHAPTER I 
INTRODUCTION 
1.1 PHYLOGENY 
Otters are semiaquatic members of the family Mustelidae that also includes 
weasels, badgers, ferret and mink. Since the time of their origin towards the beginning 
of the Oligocene epoch, the mustelids have been a separate phylogenetic line and are 
therefore set apart from other arctoids in their evolutionary line (Colbert, 1969). Plestis, 
one of the first mustelids, was a small carnivore of generalized structure with 
tubosphenic molars, well developed carnassial teeth, suppressed posterior molars, a 
short face and a long and expanded brain case, characteristics typical of the mustelids, 
from which modern mustelids emerged during the middle and late Tertiary (Colbert, 
1969). 
All recent mustelids can be characterised by the absence of a distinct carnassial 
notch on P4 (Wortman, 1901). Carnivores of this type show up in early Miocene in 
Eurasia and North America (Martin, 1989). Early true mustelids include the genera 
Plesiogale and Paragale from Aquitanian of France (Martin, 1989). The Burdigalian in 
Europe and the Hemingfordian in North America was an important period of mustelid 
differentiation (Ginsburg, 1961 cited in Martin, 1989). Otters began to radiate at this 
time (Martin, 1989). 
The mustelid family appears to have separated early into two lineages, one 
consisting of the modern skunks and the other, otters and weasels (Wayne etal, 1989). 
The first recognizable aquatic otter in the fossil record lived 30 million years ago 
(Chanin, 1985). Another species known as Paralutra jaegeri lived in Europe 25 million 
years ago and may have been ancestral to modern river otters (Van Zyll de Jong, 1972 
cited in Chanin, 1985). 
The earliest known Lutrinae of Oligocene, Potamotherium, has been described 
by Savage (1957), which is of about the same size as Lutra (Pohle, 1920 cited in 
Savage, 1957). 
1.2 SYSTEMATICS 
The Mustelidae, the nnost diversified of all the families of Carnivora, may be 
paraphyletic (Muizon, 1982; Wozencrafl, 1989). Its members are characterized by the 
loss of carnassial notch (Wortman, 1901) and the enlargement of the anal sac from 
which the family derives its name (Wozencrafl, 1989). On the basis of several 
morphological and anatomical characters the family Mustelidae is classified into four 
distinct subfamilies: Mustelinae, Melinae, Mellivorinae and Lutrinae (Honacki etal., 1982; 
Corb^ and Hill, 1980). Lutrinae was first reviewed by Phole (1919), who identified 23 
specie. He was also the first to construct a phylogenetic tree for the sub-family. The 
Lutrinae is divided into three monophyletic groups (Wozencrafl, 1989). 
The main feature of the tree is the early dichotomy into two principal clades - one 
leading to the crab otters and the other to fish otters (Van Zyll de Jong, 1991). The first 
group includes Amblonyx, Aonyx and Latax (Enhydra) and the second group consists 
o1 Lutra, Lutrogale and Plamonem. Later Corbet and Hill (1980), identified 13 species 
of otters in four genera, of these, the sea otter is the first branch of the Lutrinae stem 
and represents an early divergence (Harris, 1968; Van Zyll de Jong, 1972, 1987; 
Muizon, 1982). Of the remaining 12 species, Van Zyll de Jong (1972) recognised six 
genera based on phenetic analysis. He restricted genus Lutra to sumatran, maculicullis 
and lutra and placed the other four species longicaudis, provocax, canadensis and 
felina. previously placed in genera Lutra (Harris, 1968; Corbet and Hill 1980), in the 
genus Lontra. The remaining taxa Aonyx, Pteroneura and Lutrogale were grouped by 
him into a single clade. 
Smooth Indian otter has been termed as Lutrogale perspicillata by Phole (1919) 
and Pocock (1921, 1939,1949), but it has recently been accepted as Lutra perspicillata 
by many workers (e.g. Corbet and Hill, 1980). While discussing various otter species 
in the present work, the classification proposed by Corbet and Hill (1980) has been 
followed. 
1.3 [>ISTRIBUTiON 
Of the four oriental otter species, three are widely distributed in the Indian 
subcontinent viz. the common otter Lutra lutra, the smooth coated otter Lutra 
perspicillata and the oriental small clawed otter Aonyx cinerea (Pocock, 1949; Prater, 
1971; Hussain and Choudhury, 1988). The smooth coated otter is distributed 
throughout the country from the Himalayas southward, but the common otter and the 
oriental small clawed otter are restricted to the Himalayas, to the north of the Ganges 
and to southern India. They are considered to be absent from central India, where only 
the smooth coated otter is found (Prater, 1971; Hussain and Choudhury, 1988), (Figure 
1.1). The smooth coated otter has been reported from Karnataka, Kerala, Andhra 
Pradesh, Madhya Pradesh, Maharashtra, Bihar, Gujarat, Himachal Pradesh, Punjab, 
Uttar Pradesh and West Bengal while the common otter has been reported from the 
foothills of the Western Himalayas, Orissa, Uttar Pradesh and from the southern states 
viz. Kerala, Tamil Nadu, Karnataka, Andhra Pradesh. The distribution of the oriental 
small clawed otter, however, is discontinuous (Kurup, 1974). It occurs in the Himalayan 
foothills from Kulu in Himachal Pradesh eastward to the northeastern hill states, the 
plains of Assam and West Bengal, higher elevations of the hill ranges of Coorg 
(Kodagu) in Karnataka, Goa and the Nilgiris and the Paini hills of Tamil Nadu, (Turly 
and Santiapillai, 1990). Apart from the Indian sub-continent the extralimital range of 
smooth otter extends to south-east Asia to Burma, Indonesia, Kampuchea, Laos 
People' Republic, Malaysia, Vietnam, south-western China and Brunei, with an isolated 
race, L. perspicillata maxwelli in the marshes of southern Iraq (Mason and Macdonald, 
1986;). 
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1.4 OVERVIEW OF THE STATUS OF OTTER IN INDIA 
There is little information on the status of otter population in India, although there 
seems to have been a rapid decline due to loss of habitat and intensive trapping (Patel, 
1988; Hussain and Choudhury, 1988). The existing population of all three Indian 
species and their habitat have never been surveyed systematically. A few estimates are 
available which are based on gross habitat assessment. The Government of India has 
afforded protection to all three species of otters, with the oriental small clawed otter in 
Schedule I, and common and smooth coated otter in Schedule II of the Wildlife 
(Protection) Act, 1972, which prohibits their trapping and killing. 
Previous work on Indian otters mostly involved observations on captive animals 
(Desai, 1974; Acharjyo, 1982) and stray notes on the occurrence of otters from different 
parts of the country (e.g. Hinton and Fry, 1923; Pocock, 1939; Chintampalli, 1974). The 
ecology, behaviour and natural history of most wild otter species is poorly known 
(Mason and Macdonald, 1986). The latest edition of the lUCN Red List of Threatened 
animals (1990) designates the status of common otter as vulnerable and smooth coated 
and oriental small clawed otter as insufficiently known (Turly, 1990). Recently a 
research project has been taken by Usmania university, Hyderabad to study otters in 
coastal and riverine ecosystem (Pers com. Prof. Ramana Rao, Department of Zoology, 
Usmania University, Hyderabad, India). 
With the advent of data base management system in wildlife ecology in India, 
objective data on all aspects of otter biology, especially factors limiting distribution, 
density, food and survival were required. With the initiation of the Government of India 
crocodile project in 1975 (Bustard, 1980), several wetland protected areas were created 
and intensive efforts were made to restore the crocodilian population, without 
considering its effect on other lesser known endangered aquatic fauna. Hence it was 
imperative to keep in mind the conservation and management problems of these newly 
created protected areas and their key species while planning this study. 
Since 1983, the Wildlife Institute of India has undertaken several research 
projects in one such newly created protected area, the National Chambal Sanctuary 
(NCS). Initially, priority was given to Gangetic gharial {Gavialis gangeticus) (Singh 
1985; Hussain, 1990) later it was shifted to turtles (Rao, 1991) and a small population 
of otter and river dolphins. The rationale behind this shift of research attention to other 
endangered aquatic fauna was to gather biological and ecological information based 
on whk;h integrated species management programmes could be developed. This study 
was a part of the major research project on the "Ecology of aquatic mammals in 
National Chambal Sanctuary: 
1.5 AIMS OF THE STUDY 
The alms of this study were to: 
1 determine the status and distribution of otters in NCS and the factors 
governing their distribution; 
2 examine the feeding habits of otters and to relate them with prey 
abundance; 
3 describe ranging pattern, habitat utilization and social organization of 
otters; and 
4 quantify the level of interspecific competition and human pressure on otter 
population in the Sanctuary. 
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1.6 SUMMARY 
Otters are semiaquatic members of the family mustelidae that evolved 30 million 
years ago. There are 13 species of otters placed in four genera of which three species 
are found in India. Lack of ecological information initiated this study. The study has four 
major objectives. 
CHAPTER 2 
STUDY AREA 
2.1 STUDY AREA 
The study was conducted in the Chambal valley along the 425 km stretch of 
Chambal river between Pali (km 0) and Panchhnada (km 425) (Figure.2.1). An intensive 
study on one group of otters was carried out near Dabar ka pura village (km 170), 40 
km away from the headquarters of NCS in the Morena district of Madhya Pradesh. 
2.2 CHAMBAL RIVER 
The Chambal is a deep, fast flowing, perennial, peninsular river that originates 
from the Singar Chouri peak of Vindhya range in Mahow, Madhya Pradesh. It flows 
north east through Rajasthan, Madhya Pradesh and Uttar Pradesh where it conjoins 
the Yamuna river to form the greater Gangetic drainage system (Figure 2.1). 
Geographically the Chambal river lies between 24°.55' and 26°.50'N latitude and, 
75°,34' degree 79°.18'E longitude at an altitude of 120 metres at Dholpur, Rajasthan. 
Except during monsoons (July-September), the Chambal is a deep body of clear water 
averaging 400 metres in width, flowing at a leisurely pace in the plains. The maximum 
depth of the river exceeds 26 metres while the minimum depth is nearly one metre in 
many stretches (Hussain and Choudhury, 1990). The Chambal flood plain is typically 
a gently winding valley with sloping sand banks. In a few places the river flows over 
rocky rapids or is confined by gorges wom through less hard rock. Over much of its 
length, deeply eroded ravines form a strip on either side of the river, often extending 
five km from the water's edge. 
2.2.1 Hydrology 
The Chambal river has a large catchment in the Malwa plateau and in the 
Vindhya range. A further catchment of the Chambal lies within the western part of the 
11 
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Sanctuary where it receives the Kalisindh, Parbati, Sip, Kuno, Moj and Banas rivers. 
A series of multipurpose dams constructed on the upper reaches of the river in early 
1970s (Gandhi Sagar, Ranapratap Sagar, Jawahar Sagar and Kota Barrage) have 
reduced its normal discharge. 
Irregular water flow from the reservoir in the upper reaches and inconsistent 
rainfall in the area, are responsible for the irregular flow of the Chambal. At present the 
maximum discharge of the river is 54,499.46 mt.cu./sec and the minimum 27,000.00 
m.cu./sec. The mean monthly discharge recorded at Dholpur by the Central Water 
Commission has been shown in Figure 2.2. 
2.2.2 Water quality 
Sharma (1990), studied the water quality of the Chambal during 1985-1986 and 
reported that It is optimal for aquaculture (Table 1.1). There is low Biological Oxygen 
Demand (BOD) and high oxygen level. He found only a few traces of organochlorine 
pesticides. 
Table 2.1 Physicochemical characteristics of the Chambal river water during 1985-
1986. Adopted from Shamia (1990). 
Parameters Bharra (km 130) Gyanpura (km 367) 
Water temperature(C) 
PH 
Conductivity (mho/cm) 
Total solids(mg"^  
Total alkalinity(mg'^ ) 
Total hardness(mgT^) 
Chlorides(mg"^ ) 
Dissolve oxygen(mg"^ ) 
Chem.Oxygen dem.(mg1'^ ) 
BOD (mg-^ ) 
24(11.5-32.3) 
7.4(6.8-8.2) 
145(98-196) 
365(190-550) 
160(102-228) 
149(104-184) 
40(16-65) 
10.3(6.0-15.41) 
31(15-54) 
8.4(11.4-29) 
25.5(12-34.5) 
7.7(7.1-8.7) 
186(136-253) 
458(252-616) 
192(126-262) 
171(130-210) 
48(20-78) 
8.9(4.6-14.8) 
39.3(20-62) 
26.5(17.5-40.4) 
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2.3 NATIONAL CHAMBAL SANCTUARY 
A 600 km. stretch of the Chambal river between Jawahar Sagar dam and 
Panchhnada has been protected as NCS for the conservation and management of 
gharigrf {Gavialis gangeticus) under section 18(1) of the Indian Wildlife (Protection) Act, 
1972. It is a tri-state Sanctuary managed by Uttar Pradesh, Madhya Pradesh and 
Rajasthan Forest Departments. The Sanctuary was gazetted vide notifications No. 7835 
XIV-3103-78, Jan 29, 1979 by Uttar Pradesh Govt.; No. 15-12 X (2)-82, December 24, 
1982 by Madhya Pradesh Govt, and No. 24, Vol. 35, September 15,1983 by Rajasthan 
Govt. It extends from Jawahar Sagar dam to Kota barrage and again after a free zone 
of 18 kms., from Keshoriapatan to Panchhnada in Etawah district of Uttar Pradesh 
(Figure 2.1). The width of the Sanctuary is 1000 metres from either bank of the river. 
Its boundary is a compromise between ecological idealism and the practicalities of 
imposing meaningful Sanctuary status in a highly populated area under heavy biotic 
pressires (Sale, 1982). 
2.3.1 Description of the intensive study site 
The intensive telemetric study was carried out in zone 4 between 160 and 175 
km stretch (Chapter 4). The capture and the release sites of all four otters were within 
170 to 172 km. The entire stretch consisted of the following habitat components. 
2.3.1.1 Rocky bank: The rocky parts of the intensive study site were in two patches, 
7 km apart between 160 and 172 km. The first rocky patch (patch I) was between 161 
and 163 km and was approximately 1000 m long. The second rocky patch (patch II) 
was between 170 and 172 km and was approximately 1500 m long. These patches 
were made of Bhabar sandstone and Bhander limestone (Plate 2.1). Patch I consisted 
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largely of boulders with few caves and crevices. Both the banks were open, without 
substantial ground cover. Patch II consisted mostly of sheet rocks with many cracks 
and crevices that were suitable for dens and as resting sites for otters. The water depth 
in these patches was 1-3 m. In both the patches there were intermittent sand deposits 
which were often used by otters for grooming. Prior to the radiotracking study these 
patches were surveyed and all den, grooming and sprainting sites were mapped. 
2.3.1.2 Back water marsh and banks with shoreline vegetation: The right bank 
between 164 and 170 km was marshy with semiaquatic vegetation dominated by Typha 
species (Plate 2.2). This area has largely been fonned by accumulation of back waters. 
The »:|uatic vegetation of these stagnant back waters were Hydrilla, Chars, Vallisneria 
and Potamogeton species. The productivity of these areas appeared to be high when 
compared to other sites. The water depth was 1-3 m, but along the main course of the 
river it often exceeded 3 m. The right bank between 170-172 km had intennittent 
vegetation dominated by Tamarix species not exceeding 400 m in length and 5-10 m 
in width. 
2.3.1.3 Open sand bank: The left bank between 164 and 170 km was largely sandy 
and open, often more than 50 m wide (Plate 2.3). The left bank between 171.5 and 173 
km and right bank between 172 and 175 km also consisted of open sand bank with 
very sparse cover. The water depth between 164 to 170 km was often more than 3 m, 
while it was often less than 1 m between 171 to 175 km but never exceeded more than 
2 m. 
16 
Plats 2."* Rnckv' bipk 
Plate 2.2 Back water marsh 
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Plate 2.3 Open sand bank 
Plate 2.4 Clayey bank 
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2.3.14 Clayey bank: The rest of the intensive study stretch is made of clay bank 
formed by the deposition of alluvial soil and silt (Plate 2.4). Hence these parts of the 
bank are largely cultivated especially during winter. Such banks close to villages are 
being cultivated throughout the year. 
2.3.2 Geology 
The main geological formations of the Sanctuary are the Vindhyan series over 
much of the area. With the exception of Jawahar Sagar they are covered by a mantle 
of recent alluvium of various thickness. The Vindhyan formations in order of increasing 
age consist of Vindhyan Bhander Sandstone, Bhander Limestone and Rewa 
Sandstone. These rocks protrude occasionally along the banks and in the river bed 
itself (Sale, 1982). The Bhander and the Rewa Sandstone have a good tensile strength 
and are being exploited as building material in many parts of the Sanctuary. The 
Bhander Limestone and Limestone nodules which are found along the banks are also 
being exploited. The alluvial deposits of the area consist of sand, silt, gravel and clay. 
The alluvial layer is severely eroded, particularly along the banks of the Chambal and 
its trtoutaries. There are signs of severe soil movements, pronounced erosion 
pavement, frequent rill marks and deep gullies with cutting bottoms. 
2.3.3 Climate 
The study area lies within the semi-arid zone of northern Madhya Pradesh and 
southern Rajasthan. The temperature ranges from 2 to 46° C. The annual precipitation 
largely depends on the south-western monsoon and ranges from 500-600 mm. The 
south-west monsoon lasts from the third week of June till late September. The effect 
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of north-east monsoon in the study area is low, lasting 5-10 days during December, 
with 50-60 mm precipitation. 
2.3.4 Vegetation 
Climate is largely responsible for the natural vegetational pattern of the Chambal 
region. The natural vegetation of much of the Sanctuary area is Ravine Thorn Forest, 
a sub-group of the Northern Tropical Thorn Forest (sub-group 6B/C2 of the revised 
classification of the Champion and Seth, 1968). This sub-type usually occurs in less 
arid areas with 600-700 mm rainfall. Limited examples of saline/alkaline Babul Savanna 
(5E/8b), a type of Northern Tropical Dry Deciduous Forest also occur in some parts of 
the Sanctuary. The evergreen riparian vegetation found typically along rivers is 
completely absent in the study area. Recently the vegetation composition of the valley 
has changed considerably as a result of plantations through aerial sowing for soil 
protection measures. The major tree and shrub species are Acacia nilotica, A. 
leucophloea, A.catechu, Prosopis juliflora, P.spicigera, Albizia lebbek, Grewia optiva, 
Anogeissus pendula, Dalbergia sissoo, Zizyphus mauritiana, Z.fruiticosa, Salvadora 
persica, Capparis decidua, C.sepiaria, Calotropis gigantea and Carissa opaca. 
Tamaraix dioica is the major xerophytic plant found along the water edge in some parts 
of the Sanctuary. 
The seriously eroded river banks and adjacent ravine lands have a sparse 
ground cover. Annual grasses include species such asAristida adscensionis, A.hystrix, 
Dactyloctenium aegyptium, Eragmstis viscosa, Setaria glauca and Apluda mutica. 
While perennials include Bothrichloa pertusa, Cenchrus ciliaris, C. setigerus, 
Eremopogon foveolatus, Sporobolus marginatus, Cymbopogn jwarancusa, Cynodon 
dactyton, Saccharum spontaneum, S.munja, Schima nervosum and Heferopogon 
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contostus. Herbs like Cassia occidentalis, C.tora, Desmodium triflorum and Xanthium 
strumarium provide a proportion of the cover. 
The major aquatic vegetation consists of Hydrilla verticillata, Vallisnaria spiralis, 
Potamogeton spp., Imperata cylindrica, Typha spp., Nitella spp., Chara spp. and 
Zaminciielia spp. 
2.3.5 Fauna 
The NCS exhibits a wide diversity in fauna! composition. The major fauna of the 
Sanctuary have been classified into two groups: i) aquatic and; ii) terrestrial (Appendix 
I). Among the aquatic fauna, gharial is the key species and receives maximum 
management inputs. Prior to the restocking programme, the initial population of gharial 
was 107 of different age and sex (Singh, 1985). Between 1979-1990 around two 
thousand captive reared gharial have been restocked in the Sanctuary. The present 
population is 820-982 of different age and sex (Hussain, 1990). 
Apart from gharial and otters, the other aquatic fauna of the Sanctuary are Indian 
marsh crocodile or mugger {Crocodylus palustris), Gangetic river dolphin {Platanista 
gangetica) and seven species of fresh water turtles Aspideretes gangeticus, Chitra 
indica, Lissemys punctata, Kachuga kachuga, Kachuga dhongoka, Kachuga tentoria 
and Hardella thurjii. Besides, 76 species of wetland birds use Chambal river during 
various seasons. Among them 15 species are predominantly fish eaters and compete 
with gharials, muggers, dolphins and otters. 
2.3.6 Landuse pattern 
The area along the Chambal river is primarily a grazing pasture, now 
predominantly used for irrigated cultivation of cash crops and vegetables. Land put to 
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non-agricultural uses such as quarrying (for sandstone, limestone, sand and murram) 
and industrial development is marginal. Construction of multipurpose dams in the upper 
reaches of the river and their associated canals downstream have intensified 
agricultural practices in the entire area: A special development plan launched with 
World Bank assistance is enhancing agricultural practices, ravine reclamation and the 
soil moisture conservation in the command area (Sale, 1982). Whilst the population of 
the area is predominantly rural, within 20 kms of the study area, there are three large 
and three to four smaller towns with populations of over 20,000 and less than 20,000 
people respectively. All the river side villages are sparsely populated. 
2.4 SUMMARY 
The study was conducted along a 425 km stretch of Chambal river in National 
Chambal Sanctuary in central India. The Chambal is a fast flowing perennial river, 
passing through extensive ravines that keep it free from pollution. 
The climate of the Chambal valley is semi arid with low rainfall. The vegetation 
is dry deciduous thorn forest. Riparian vegetation is absent. The area is predominantly 
grazing pasture with low human population. Four types of river banks have been 
identified; rocky bank, sandy bank, clayey bank and bank with vegetation and marsh. 
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CHAPTER 3 
SCHEME AND METHODS OF STUDY 
3.1 SCHEME AND METHODS OF STUDY 
The study was conducted in four stages. In the first stage the status and 
distribution pattern of otters were examined and intensive study site was identified. In 
the second stage one family of otters was monitored by radlotelemetry. Scat samples 
were collected and analysed and prey populations were monitored to study the feeding 
ecology in the third stage. The fourth stage consisted of monitoring of environmental 
parameters such as temperature, rainfall and humidity. The overall study was 
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conducted by the following methods: 
1) monitoring of otters and other large aquatic vertebrate populations in the study 
area at regular intervals by conducting surveys. 
2) collecting and analysing otter scats from the study area to study the food habits 
of otters. 
3) monitoring of major prey abundance by netting fish and keeping a record of the 
other available prey species at the intensive study site. 
4) intensive monitoring of one group of otters by radlotelemetry to study the ranging 
pattern, habitat utilization and social organization. 
5) monitoring climatic conditions by recording temperature, humidity and rainfall at 
the camp site. 
Study methods have been described in detail in each of the following chapters 
except the climatic aspects, which have been dealt with here. 
3.2 CLIMATIC STUDY 
During the study period temperature, rainfall and relative humidity were recorded 
in the base camp at the headquarters of NCS, near Deori village in Morena district, 15 
km away from the Chambal river. 
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3.2.1 Temperature 
Three estimates of daily temperature were made viz minimum, maximum and 
mean (average of minimum and maximum). Tiie mean of the maximum and minimum 
for each month of the study period is shown in Figure 3.1. There was no significant 
variation in the mean monthly temperature (ANOVA, P>0.05, F=0.08, N=4 years) during 
the study period. 
3.2.2 Rainfall 
The rainfall pattern during 1988-1991 has been shown in Figure 3.2. The overall 
rainfaB during the four study periods varied considerably (Friedman's test P<0.05, N=4 
years). 
3.2.3 Relative humidity 
Four assessments of relative humidity were recorded daily, morning, neon, 
evening and mean (mean of morning, noon and evening). The mean of the relative 
humidity for each month is shown in Figure 3.3. Monthly variation in the relative 
humidity was similar during the study period (W-W test, T=17 P<0.05, N=2 years). 
3.2.4 Seasons 
A combination of rainfall, temperature and relative humidity for each month 
identified three seasons: summer characterized by high temperature, very low rainfall 
and low humidity; winter low temperature, low rainfall and moderate humidity; monsoon 
high rain fall, high humidity and moderate temperature (Figure 3.4). 
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3.3 METHODS OF ANALYSIS AND STATISTICAL TEST USED 
Since the level of measurement were often nominal and conditions of normality 
(for univariate analyses) and homogeneity of variance (for bivariate analyses) were not 
met, most of the statistical tests used were nonparametric (based on Siegel, 1956). The 
statistical methods used are discussed in the relevant chapters. Differences between 
two independent samples were tested using the Mann-Whitney U test. Differences 
between two related samples were tested with the sign test or Wilcoxon matched pairs 
sign rank test or Kendalls concordance. Associations between two variables were 
estimated by using Spearman rank correlation coefficient or when necessary by 
Analysis of variance. Tests of frequency were done with the Chi square test. 
Most of the analysis, including the statistical tests were done with the Statistical 
Package for Social Science (Norusis, 1986, SPSS/PC+ Advance Statistics, 1986). The 
following abbreviation apply to the statistical tests used in this thesis: 
M-W = Mann-Whitney U test 
W-W = Wilcoxon match pair sign rank test 
K-W = Kruskal-Wallis one way analysis of variance 
W = Kendalls coefficient of concordance 
r = Pearson correlation coefficient 
r, = Spearman rank correlation coefficient 
X^  = Chi square test 
ANOVA = Analysis of variance 
F = Friedmans test 
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3.4 SUMMARY 
The study was conducted in four phases. A preliminary study was carried out to 
identify the distribution pattern of otters in the study area. On this basis, an intensive 
study on one otter family was done by radiotelemetry. The study on feeding ecology 
was done by scat analysis. The methods of the study have been discussed in detail in 
the relevant chapters. 
The climatic study revealed that monthly variation in rainfall and temperature was 
similar between the study periods. On the basis of rainfall and temperature three 
seasons could be identified. 
While analysing, data were compared for within-year variations between months 
and seasons. If either was significant, months and seasons were compared separately. 
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CHAPTER 4 
STATUS AND DISTRIBUTION 
4.1 INTRODUCTION 
Before embarking on any effort to conserve an otter species it is imperative to 
determine its distribution and relative population status (Macdonald, 1990). As otters 
are secretive, thinly distributed and largely nocturnal, their presence and status have 
to be assessed by indirect evidence such as counting the number of signs, particularly 
spraint left by the animals on waterways (Macdonald and Mason, 1983). Other signs 
most frequently used in the field for assessing presence of otters are holts (den sites), 
foot prints and food remains (Mason and Macdonald, 1986). Monitoring such signs 
especially spraint at regular intervals along waterways is expected to yield valuable 
information on the status of their populations. In addition, quantitative information on the 
presence of otter signs in relation to different habitats may help to identify the factors 
that influence their occurrence. 
This chapter: 
1. describes the distribution pattern of otters in the National Chambal Sanctuary, 
2. identifies the factors that influence distribution of otters in the study area; and 
3. enumerates changes in the status of otter population during 1988-1992. 
4.2 METHODS 
The study area was divided into eight zones using landmarks. Zones 1-5 (195 
km) were upstream to the base camp and zone 6-8 (230 km) were downstream. 
Surveys were conducted in the month of February in 1988 and 1992 using an 
aluminium boat driven by a 40 BHP outboard engine and by foot where navigation was 
not possible. At five km intervals both the banks were searched for signs of otter 
activity i.e. spraint, foot prints, dens and food remains. The survey method followed by 
Macdonald and Mason (1983), and Chehebar (1985), was adopted with slight 
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modifications. At each site a maximum of 1000 metres of shoreline was searched (600 
metres in the case of Lutra lutra by Macdonald and Mason 1983, 1985; and Lutra 
provocax by Chehebar, 1985) within a 25 metre strip along the water edge. In this 
study the search distance was increased to intensify the search effort. The search was 
terminated as soon as the signs were found. A positive site was defined as a site 
where otter signs were found. A survey on foot was also carried out during May and 
June 1988 in the 195 km stretch between Pali and Rajghat (Figure 2.1). During the 
surveys at each site the following information/data were collected: 
i) type of signs 
ii) distance searched 
iii) habitat types (river bank type) and stream condition 
iv) number of otters seen, if any; and 
v) level of human disturbance 
On the basis of morphological characters the river bank was classified into the 
following four groups: 
1. Clayey river bank with very little ground cover or bare 
2. Sandy river bank with very little ground cover or bare 
3. Clayey or sandy banks with shoreline vegetation or marsh 
4. Rocky bank with boulders or sheet rocks 
As there were 86 sampling points on each of the two banks, a total of 172 sites 
were sampled. Each sample point has been considered as one habitat unit. For the 
analysis of habitat availability and utilization (number of positive sites), confidence 
interval techniques of Neu et al. (1974) were used in conjunction with Chi-square 
goodness of fit test. This test was used to determine whether there was any significant 
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difference between the expected utilization of different habitat types and the observed 
frequency of their usage. If a statistically significant difference was found between 
availability and utilization, the data were further investigated by Bonferroni confidence 
inten/al following Byers et al (1984) to determine which category of habitat was being 
preferred. 
4.3 RESULTS 
4.3.1 Status and distribution pattern 
The distribution of otter signs along the Chambal river is shown in Figure 4.1. In 
1988, within the 425 km stretch between Pali and Panchhnada (see Figure 2.1), 172 
sites were searched for otter activity. Sixty two (36%) were found to be positive, 47 
(75.80 %) in the upstream stretch between Pali and Rajghat, in zone 1-5, and 15 
(24.2%) downstream between Rajghat to Panchhnada in zone 6-8. Maximum number 
of positive sites were found in zone 4 followed by zones 2,3 and 5 (Table 4.1). 
Of the 172 sites surveyed in 1992, 41 (23.83%) were found positive, 32 (83.92%) 
upstream, and 7 (17.07%) downstream from the base camp. Twenty one (33.87%) less 
sites of otter activity were located during the 1992 survey as compared to 1988, 
indicating a significant decrease (VWV test: T=2) in positive sites in four years. 
Maximum number of positive sites were found in zone 2, followed by zone 4. However 
no positive sites were found in zone 5. The significant decrease in the positive sites in 
1992 appears to be due to the absence of positive sites in zone 5 (Table 4.1). 
During the summer survey, 422 spraints were collected in the upstream stretch 
between Rameshwar and Rajghat i.e. along zone 2-5 but no spraint was found in the 
entire downstream reach between Rajghat and Panchhnada (zone 6-8) and in zone 1 
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in the upstream. Results of the survey pertaining to number of sprainting sites and 
spraint, number of potential den sites and dens are shown in Table 4.2. Maximum 
numbers of den sites and occupied dens were found in zone 4 followed by zone 2. 
Table 4.1 Number and percentage of positive sites of otter activity along the 425 km 
stretch of the Chambal river between Pali (km.O) and Panchnada 
(km 425). 
Zones 
1 
2 
3 
4 
5 
6 
7 
8 
Total 
Table 4.2 
Zone 
1 
2 
3 
4 
5 
Total 
Km. 
0-20 
20-60 
60-110 
110-170 
170-195 
195-270 
270-355 
355-425 
Sites 
surveyed 
8 
16 
20 
24 
10 
30 
34 
30 
172 
1988 
Positive 
sites 
2 
13 
8 
20 
4 
6 
6 
3 
62 
\ Percent 
25.0 
87.5 
30.0 
83.3 
50.0 
20.0 
17.6 
10.0 
1992 
Positive 
sites 
2 
13 
3 
16 
0 
3 
1 
3 
41 
Percent 
25.0 
81.2 
15.0 
66.66 
0.00 
10.00 
2.90 
10.00 
Number of sprainting sites and spraint, potential den sites and occupied 
dens of otter found in Zone 1-5. 
Km. 
0-20 
20-60 
60-110 
110-170 
170-195 
Sprainting 
site 
0 
62 
21 
30 
2 
115 
Spraint 
found 
0 
212 
29 
176 
5 
422 
Potential 
den sites 
0 
32 
11 
55 
1 
99 
Occupied 
dens 
0 
1 
0 
8 
0 
9 
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4.3.2 Sighting records 
During 1988, 29 otters were sighted in 5 different groups, each consisting of 2-9 
animals. During the subsequent survey in 1992 only 14 otters were recorded almost 
from the same sites. Zones and kilometre points where otters were sighted are shown 
in Table 4.3. Most of the otters were seen fishing in a semi-circle or moving in groups. 
On the basis of these sightings, the number of spraint found and location of dens, it 
was estimated that 5-6 groups of otters occur in the study area. While examining a holt 
in zone 4 during December 1987, a mother transferred her cubs to a nearby holt. From 
this it was inferred that one group of otters was breeding. 
Table 4.3 Sighting of otter during 1988 and 1992 survey (no special efforts were 
made to locate otters). 
Zone 
2 
4 
4 
4 
4 
5 
Total 
River Km. 
35 
115 
155 
160 
169 
194 
1988 
9 
0 
6 
4 
8 
2 
29 
1992 
4 
2 
0 
1 
7 
0 
14 
4.3.3 Searcli efficiency 
Of the 62 positive sites found during the survey in 1988, 45.17% were located 
within the first 100 metres of search, and 19.35% sites were found to be positive of 
otter activity within 100-200 metres of search, whereas 12.9% sites were found in both 
200-400 and 400-600 metres of search. This indicates that almost 90% of positive sites 
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were proved positive within 600 metres of search. Thus 10% more positive sites were 
found when the survey distance was increased from the standard 600 (Macdonald and 
Mason, 1983 and Chehebar, 1985) to 1000 metres in this study (Figure 4.2). As most 
of the positive sites were known during the first survey, the process was not repeated 
during the second survey. 
4.3.4 Factors influencing distribution 
Of the 172 sites checked, maximum number of sites were clayey river bank 
(33.72%) followed by sandy bank (31.98%). rocky bank (28.49%) and bank with 
shoreline vegetation and marsh (5.81%). However maximum number of positive sites 
were found on rocky bank (66.13%) followed by clayey bank (19.35%), bank with 
shoreline vegetation and marsh (11.30%) and sandy bank (3.22%). 
Conclusion on the availability of different habitat types and its use by otters using 
Bonfen-oni confidence interval reveals that rocky river banks were used more frequently 
than they were available, indicating higher preference for it, followed by river banks with 
shoreline vegetation and marsh. Clayey and sandy banks were used less than their 
availability, indicating that they were not preferred (Table 4.4). 
Table 4.4 Availability of different habitat types and its use by otter. Use was 
estimated by conducting surveys to detect the presence of otter signs in 
172 sites along the Chambal river between Pali and Panchhnada. 
Habitat 
Category 
Clayey bank 
Sandy bank 
Rocky bank 
Veg. bank 
Tot 
Unit 
58 
55 
49 
10 
Rei. 
Area 
0.337 
0.320 
0.285 
0.058 
Exp. 
Usage 
20.906 
19.829 
17.664 
3.602 
Obs. 
Use 
12 
2 
41 
7 
Bonferroni 95% 
Conf. Interval 
0.068<pi<0.319 
0.000<pi<0.088 
0.511<pi<0.812 
0.012<pi<0.213 
Concl. 
NP 
NP 
P 
UlA 
Paused more than available. Preferred; UIA=used in proportion of availability, neither 
prefen-ed nor avoided; NP=used less than its availability, not preferredd) 
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4.3.5 Man induced disturbances 
During the study period no major construction work such as dams and barrages 
were underway along the Chambal river. Table 4.5 provides information on the site and 
nature of construction works along the 425 km stretch of the Chambal river. Apart from 
these there are several sites where stone quarrying and sand mining were being done. 
Table 4.6 provides location of these sites. Fifty seven percent increase in the level of 
such disturbance was recorded between 1988 and 1992. 
Table 4.5 Location and nature of construction activities along the 425 km stretch of 
the study area. 
Km. 
5 
100 
110 
155 
276 
276 
310 
385 
395 
Location 
Samarsa 
Atar 
Rahu ka gaon 
. Sewar 
Pinaahat 
Pinahaat 
Aterghat 
Shasonghat 
Palighat 
Nature of Construction 
Road bridge 
Pontoon bridge (temp) 
Small hydroelec. plant 
Road bridge 
Potoon bridge 
Lift irregation project 
Pontoon bridge 
Road bridge 
Pontoon bridge 
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Plate 4.1 Man induced disturbance along the Chambal river. 
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Table 4.6 Nature and site of disturbance detrimental to otters and their habitat along 
the Chambal river between km 0 and Km 195. 
Zone 
2 
3 
4 
4 
4 
5 
5 
Km. 
45 
100 
110 
160 
170 
190 
195 
Nature of 
disturbance 
stone quarry 
sand mining 
stone quarry 
stone quarry 
stone quarry 
sand mining 
sand mining 
1988 
yes 
yes 
no 
no 
no 
no 
yes 
1992 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
4.4 DISCUSSION 
There is no simple method for censusing river otters, although the distribution 
and presence of otters in an area can easily be determined by searching for tracks, 
scats and other signs (Melquist and Dronkert, 1987). Because otters are secretive, 
thinly distributed and largely nocturnal, their presence and status have to be assessed 
by counting number of signs, particularly spraint, left by the animals on water ways. 
There are a number of factors influencing marking intensity (Macdonald and Mason, 
1983), therefore this measure cannot be used as a direct indicator of population size 
(Macdonald and Mason, 1985). Absence of otter signs in a particular place does not 
necessarily mean the absence of otters in that area. Occasionally, otters may inhabit 
an area without depositing spraint (Melquist and Hornocker, 1983; Jenkins and 
Burrows, 1980), but this behaviour is very infrequent (Chehebar, 1985). There is a 
general relationship between the level of marking and the success of the population, 
with fragmented and declining populations leaving fewer signs than healthy breeding 
ones (Macdonald and Mason, 1985). 
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Spraint are an inherently difficult criterion for determining otter's presence or 
numbers because, like scent marks, their deposition will be affected by several 
behavioural and individual variables (Kruuk and Conroy, 1987). The smooth otter mostly 
defecate in communal latrines and at one site regularly. It is often difficult to count the 
number of spraint deposited in a given period, thus making it difficult to use spraint to 
assess their number and density. 
In this study the survey was conducted with an aim to prepare an index of 
positive sites of otter activity and to identify stretches which needs special management 
measures for the conservation of otters. The survey method was designed to check 
every 5 km point assuming that the home range of smooth Indian otter in a riverine 
habitat is similar to that of other otter species such as Lutra lutra and Lutra provocax 
(Macdonald and Mason, 1983; Chehebar, 1985). 
Before conducting intensive study on otters it was imperative to asses the status 
of otter population in the Sanctuary as future changes in the distribution and abundance 
are not likely to be documented due to lack of baseline information. Given an increased 
probability of adverse effects on wildlife populations everywhere and particularly along 
the Chambal river, in the event of any catastrophic disturbance, habitat degradation and 
modification, this work can be used for conserving otters. 
Of the 62 positive sites, 48 were located in zone 1-5 and only 14 were located 
in zone 6-8. The higher percentage (77.47 %) of positive sites upstream indicate that 
the otter population in NCS is mostly confined here (Figure.4.1). However, no spraint 
was found upstream between Pali (0 km) and Rameshwar (22 km). As both banks were 
bare and offered no cover, habitat for otters was not suitable at this stretch. 
Absence of spraint and a lesser number of positive sites (22.58 %) in zone 6-8 
between Rajghat and Panchhnada indicated that otters were sparsely distributed in this 
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stretch. Absence of positive sites in zone 5 during 1992 indicates that in 1988 this 
stretch might have been used by migrating otters. During December 1987 one otter was 
sighted 500 metre upstream to the Agra-Bombay highvi/ay (Fig 1.2) but later no 
evidence of otters presence was recorded from this stretch. 
Nevertheless as is evident from the clumped positive sites of otter activity from 
some stretches it appears that the distribution of otters along the Chambal river is 
largely patchy, depending upon the availability of habitat suitable for breeding and 
resting. The availability of temporary dens and resting sites is an important aspect of 
river otter habitat (Larsen, 1983; Melquist and Hornocker, 1983; Anderson and Wolf, 
1984). In a study of the River Teme catchment in the west Midlands of England, 
holding a depleted otter population, Macdonald et al. (1978) considered that potential 
holts, mature ash and sycamore trees, and woodland abutting the river banks were 
important in determining the distribution of otters. Jenkins and Burrows, (1980) reported 
that in north-east Scotland the sprainting activity of Lutra lutra was more intense when 
there was more bankside cover. 
The results of the study clearly bring out the importance of rocky river banks and 
banks with shoreline vegetation to otters. In this study it was found that all dens were 
natural caves among sheet rocks and all the potential den sites were among sheet 
rocks and large boulders. However, the radiotelemetric study (Chapter 7) showed that 
only one den was located on a clayey island in zone 4 between 165 to 172 km. River 
banks with shoreline vegetation appear to play a considerable role in otter activity. They 
provide cover and food for other microvertebrates and directly for fish through the input 
of arboreal invertebrates (Mason and Macdonald, 1983). Apart from this marsh and 
back waters have high productivity in comparison to main streams. This attracts a 
variety of fish especially cyprinids which is one of the principal dietary component of 
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otters (Chapter 5). In a study in Northern Scotland Bas etal., 1984 found more spraint 
on banks with a dense vegetation. 
Analysis of data collected on all sprainting sites, potential den sites and dens 
indicate greater affinity of otters to rocky areas. All otters sighted during the survey 
period were also in rocky stretches. In the absence of bankside vegetation, rocky areas 
provide cover for otters, as on the sea shore in Shetland (Kruuk et al., 1986). 
Otters had not been reported from Chambal valley since as late as 1984 (Singh, 
1984) and it was then that concern for them and other aquatic mammals was voiced. 
It was felt that with the reintroduction of gharials, there may be severe competition 
among species which may drastically damage the ecosystem or one of its components. 
Chambal valley was largely underdeveloped and it remained so till the 1970's when 
large multipurpose hydroelectric projects were setup. Subsequently canals were made 
and by 1985 intensive agricultural practices spread to the ravines. Thus human 
activities along the river increased considerably. 
The level of human, interference was higher in winters due to the /^7anf season. 
Otters along the Chambal breed during winter (Chapter 8) and there is a possibility that 
they may find themselves in the hum of human activity when they are raising cubs. 
In this study, attempts were not made to determine the degree and the extent 
of the impact of these disturbances on the otter population as it is subjective but it was 
observed that otters left a disturbed site to return to it later, either for marking or for 
hunting. An otter den and many resting sites were being destroyed by stone quarrying 
along the banks of the Chambal river. 
Since Chambal river is under the management of NCS where gharial {Gavialis 
gangeticus) is well protected, otters are also receiving incidental protection along with 
other aquatic fauna. But there is no clear management policy for the conservation of 
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otters here. NCS being a protected area should have a management policy to conserve 
its flora and fauna, but in practice this has been grossly neglected. Apart from this, 
occasional illegal fishing and poaching activities in the Sanctuary may have an adverse 
impact on the otter population. It is suggested that conservation programmes and 
monitoring activities be extended to otters by the management staff of the NCS to 
determine the trend in otter population along the Chambal river. Rocky stretches need 
special attention. Grazing, cutting and lopping of trees along the banks, should be 
prohibited. 
4.5 SUMMARY 
The distribution of otter population along the Chambal river is largely restricted 
to the upper reaches between Pali and Panchhnada. The distribution is patchy and 
clumped in the upstream stretch and sparse downstream. 
During 1988, 36% sites were found positive of otter activity whereas in 1992 it 
was 24%. There has been large scale increase in the disturbance along the river due 
to cultivation, construction of road bridges and mining, which might have put pressure 
on the population. During the survey 90% sites were found positive within standard 600 
metres of search, where as additional 10% more sites were found positive when the 
survey length was increased to 1000 metres. 
Most of the positive sites (66%) were found on rocky banks, followed by clayey 
banks (19%), banks with shoreline vegetation and marsh (11%) and sand banks (3%). 
Rocky river banks which were used more, provided both cover as den and resting sites 
followed by banks with vegetation, whereas clayey and sandy banks were largely 
avoided. 
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CHAPTER 5 
FEEDING ECOLOGY 
5.1 INTRODUCTION 
Otters have evolved two distinct foraging modes: piscivory and invertebrate 
feeding, although few species adhere strictly to either of these (Estes, 1989). 
Piscivorous otters are represented by Lutra species and the giant river otter Reroneura 
brasiliensis, whereas the invertebrate feeders are the clawless and small clawed otters 
{Aonyx spp.) and sea otter Enhydra lutris (Chanin, 1985; Estes, 1989). 
Though the dietary spectrum of several species of otters have been well studied 
(e.g. Eriinge, 1969; Webb, 1976; Jenkins and Harper, 1980; Wise etal., 1981 for Lutra 
lutra: Van der Zee, 1981; Rowe-Rowe 1977 for ^ onyx species; Melquist and Hornocker, 
1983; Anderson and Wolf, 1984 for L canadensis: Estes etal., 1982a,b; Ostfield, 1982 
for sea otters Enhydra lutris), information on the diet of the smooth coated otter is 
poorly documented. 
Subjective information on its diet is available from Prater, 1971 and Wayre, 1978. 
Tiler etal., (1989) and Haque and Vijayan (1988) have given quantitative accounts of 
the food habits of smooth coated otters from the Royal Chitwan National Park, Nepal, 
and from Keoladeo National Park, India, respectively, but none of these studies are 
complete. Apart from these, Turley (Pat Foster-Turley pers. com. Marine world 
parkway, Vallejo, California, U.S.A.) has just concluded a dietary study of smooth 
coated otter and oriental small clawed otter from Malaysia by analysing 112 and 328 
scat samples respectively. 
The main component of this Chapter is an account of the food and feeding habits 
of smooth coated otters in relation to the variation in prey abundance. 
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5.2 METHODS 
There are four methods of finding out what wild otters feed on; by direct 
observation, examination of tables or feeding places, analysis of stomach contents and 
analyses of their faecal droppings (called spraint or scat) (Webb, 1976). Most work on 
the diet of otters has been done by scat analysis (Mason and Macdonald, 1986), 
because direct observations while otters are feeding, or checking of eating places for 
food remains are often difficult and do not always give reliable information. In this study, 
scat analysis was carried out to determine the dietary components. 
5.2.1 Collection of scats 
Fresh scats were collected from 195 km stretch of the study area (Fig 2.1) 
between Pali (km 0) and Rajghat (km 195). However, it was not always possible to 
cover the entire stretch. Hence, more effort was made to collect scats from the 
intensive study site near Dabar ka pura (km 170). Collections were made from the 
entrance of dens, communal sprainting sites adjacent to dens and feeding areas. Only 
a representative sample from each site was collected. Attempts were made to collect 
scats produced within 1-2 weeks, but during the monsoon scats older than two weeks 
were also collected. Date and location for each scat were recorded at the time of 
collection. Samples were sun dried at the camp and stored in paper bags for further 
analysis. 
5.2.2 Cleaning of scats 
Prior to cleaning, scat samples were soaked in water mixed with detergent for 
5-6 hours. After washing in running tap water through a 1 mm sieve, the cleaned 
samples were dried in shade and kept in plastic bags for sorting of prey remains. 
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5.2.3 Sorting of prey remains 
Prey remains from the cleaned scat were sorted using a hand lens and when 
required using a compound microscope. All remains were identified by comparing with 
references of prey parts made during this study. In most cases effort has been made 
to identify the prey up to species level but this was not always possible, hence some 
prey remains were identified only up to genus level. 
5.2.4 Determination of sample size 
To examine the representativeness of the samples, initially 140 samples were 
collected during December, 1987 to March, 1988. After processing, the samples were 
examined randomly. The cumulative number of prey species found In the scats and the 
number of samples examined were plotted following Mason and Macdonald (1981). An 
asymptote was reached at 20 samples (Figure 5.1). Thus for each month 25 (25% 
more) samples were selected for analysis. For monsoons (July - October) when it was 
difficult to find sufficient sample size, ail the scats found were examined. A total of 560 
scat samples were examined. Table 5.1 represents the scat sample-size for the two 
study periods i.e 1989 and 1990. 
5.2.5 Estimation of prey availability 
Assessment of prey availability was based on one estimate of potential prey 
category: (fish, invertebrates and birds). Fish availability was estimated at the intensive 
study site primarily by netting. Two measurements were recorded for each catch effort; 
number of species and frequency of catches. In each season 10 samplings were done, 
thus 30 samplings were done in a year, and 60 samplings were made during the study 
period. The resuJt was iater converted into catch/unit effort for analysis. 
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Table 5.1 
MONTHS 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
TOTAL 
Scat sample size 
1989 and 1990 
1989 
25 
25 
25 
25 
25 
25 
24 
17 
19 
25 
25 
25 
285 
for the year 
YEAR 
1990 
25 
25 
25 
25 
25 
25 
19 
13 
18 
25 
25 
25 
275 
Estimation of the availability of invertebrate prey species such as shrimp, water 
beetle and damsetfly larvae were made using a mesh net scoop of 1mm size and 30 
cm diameter. Availability of crabs and frogs was evaluated by monitoring and counting 
their number in 1 km length of the river stretch on its right bank, at the intensive study 
site. The avian population was assessed by counting and maintaining a record of the 
population of potential avian prey for otters in the intensive study area. 
Nevertheless there appears to be an unknown degree of bias in the estimation 
of prey availability especially in case of fish fauna due to following reasons: 
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1. Of the 37 fish species recorded during the study period from Chambal 
river, 9 species were not represented in the samples. 
2. There appears to be large interspecific behavioural difference among prey 
species. 
5.2.6 Estimation of prey quality 
Calorific values of all the 12 fish species were estimated by using a Gallenkemp 
Ballistic Bomb Calorimeter. Freshly caught fish were oven dried in 60° C and grinded 
in an ordinary grinder. For each sample three replicates were made, from which mean 
calorific values were calculated. The results of this study were compared with bulk 
percentage of prey consumed (see below) by using Spearman's rank correlation 
coefficient(rJ. 
5.2.7 Analysis of data 
No single method of presentation of scat analysis data was considered to reflect 
accurately the relative importance of the wide variety of prey species to the predator 
(Wise et al., 1981). Hence the data were presented in three forms. 
1). Percentage frequency: Percentage of scats containing a particular prey item 
(Mason & Macdonald 1986). 
2). Relative frequency: Percentage of total number of occurrence of all items in the 
sample (Mason & Macdonald, 1986). 
3). Bulk percentage: To avoid the discrepancy in the frequency at which a prey is 
consumed and bulk of it is eaten, or over representation of minor items and 
underestimation of major items, the following method proposed by Wise et al., 
(1981) and Mason and Macdonald, (1986) was adopted. The importance of each 
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prey part or item was estimated visually on a score of 5-100, so that the total 
score for each scat was 100. The score for each item was then multiplied by the 
dry weight of scat. The resulting figure was summed for each item in each 
sample and expressed as a bulk percentage. 
Before comparing the two study periods (1989 and 1990), data of each study 
period was examined for within year variation at three levels: month, season and year. 
5.3 RESULTS 
5.3.1 Diet composition 
The prey of smooth coated otter in National Chambal Sanctuary can be broadly 
divided into two categories; fish and prey other than fish (invertebrates, amphibians and 
birds). In terms of bulk percentage fish constituted 97.73% and birds, amphibians and 
invertebrates 2.26% of the diet. Of this 2.26% non-fish diet, invertebrates like crabs, 
shrimps and insects formed 1.51%, whereas birds and amphibians constituted only 
0.75%. Frequency analysis revealed that 93.82% of the diet was constituted of fish, 
3.82% of invertebrates and 2.35% of amphibians and birds (Figure 5.2). The overall 
dietary composition of smooth coated Indian otter in the study area in 1989 and 1990 
together has been tabulated in (Table 5.2). 
5.3.2 Number of prey species used: variation between years 
Out of the 17 prey item used duhng 1989 and 1990, all were recorded in 1989 
and 16 in 1990. Of the 17 prey Items, 12 were offish and 5 were of invertebrates, birds 
and fi-ogs. Of the 45 recordings of bird, only three species could be identified. Of the 
12 fish species, Channa spp. which constituted a minor part of the diet \r\ the 
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Table 5.2 Frequency of occurrence and bulk percentage of prey items found in otter 
scats collected in 1989 and 1990. 
Species 
Fish 
Rhinomugil corsula 
Rita rita 
Puntius spp. 
Labeo calbasu 
Oxygaster bacaila 
Mystus seenghala 
Mystus tengara 
Ompok bimaculatus 
Mastacembelus spp. 
Notopterus spp. 
Xenetodon cancila 
Channa spp. 
Unidentified 
Invertebrates 
Crabs 
Shrimps 
Insects 
Amphibians and 
birds 
Birds 
Frogs 
Total occurrence 
Total scats 
Number of 
Occurrence 
468 
458 
283 
183 
150 
110 
96 
36 
33 
28 
5 
1 
63 
46 
27 
5 
45 
3 
2040 
560 
Percent 
Frequency 
83.57 
81.71 
50.54 
32.68 
26.79 
19.64 
17.14 
6.43 
5.89 
5.00 
0.89 
0.18 
11.25 
8.21 
4.82 
0.89 
8.04 
0.54 
Percent 
Occurrence 
22.94 
22.45 
13.87 
8.97 
7.35 
5.39 
4.71 
1.76 
1.62 
1.37 
0.25 
0.05 
3.09 
2.25 
1.32 
0.25 
2.21 
0.15 
Bulk 
Percentage 
38.50 
33.29 
8.50 
5.93 
3.03 
2.93 
2.14 
0.68 
0.64 
0.58 
0.07 
0.02 
1.42 
1.08 
0.39 
0.04 
0.72 
0.03 
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monsoon, was recorded only in one sample in 1989. This species was not represented 
in the abundance sampling. Xenetodon cancila was found only during the monsoon in 
both the years. 
5.3.3 Number of prey species used: variation between months 
The number of prey species used in a month varied from 11 to 15 in 1989 
(mean=12.83, S.E.M=0.32, N=12) and from 10to14in 1990(mean=11.58,S.E.M=0.42, 
N=12). The maximum number of prey species (15) was consumed in the month of 
August 1989, followed by 14 in December during both the years (Figure 5.3). The 
variation between months in the number of species used was similar between the years 
(r,=0.934, P=<0.05, N=12). 
5.3.4 Number of prey species used: variation between seasons 
The maximum number of species was eaten in winter (mean=13.5, S.E.M= 0.25, 
N=8 months) and minimum in monsoon (mean=11.5, S.E.M=0.60, N=8 months), in both 
the years. The variation in the number of prey species used during different seasons 
in both years was similar (Figure 5.4). The number of prey species used varied 
considerably in different seasons (Friedman test. X^=12.0, D.F.=1, P=0.005) but the 
pattern was similar in two study periods (Kendalls concordance, W=0.8485, 
X2=40.7273, D.F.=2, P=0.000). Nevertheless 15 prey species were used in monsoon 
during 1989, whereas only 11 were used during the same season in 1990. 
5.3.5 Dietary importance of fish 
Of the 17 prey identified from scats, 12 were fish belonging to 8 families. Of 
these, 7 species {Rhinomugil corsula, Rita rita, Puntius spp., Labeo calbasu, Mystus 
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seenghala, Mystus tengara and Oxygaster bacaila) were eaten throughout the year 
and accounted for 85% of the bulk of diet. Rhinomougil corsula and Rita rita constituted 
bulk of the diet followed by Puntius spp., L calbasu, O. bacaila, M. seengtiala and M. 
tengara. Of the remaining five species, two {Xenetodon cancila and Channa spp) were 
used only during monsoon. Three species {Mastacembelus spp., Notoptenis spp. and 
Ompok bimaculatus) were used occasionally. 
Of the eight fish families represented, Cyprinidae provided the maximum number 
of species (i.e.>3) followed by Bagaridae (3 spp.). The remainder provided one species 
each. Though Mugilidae provided only one species {Rhinomugil corsula), it was the 
'principal' dietary component accounting 39.97% of the bulk of the diet. The contribution 
of Bagaridae through Rita rita alone was greater than the combined contribution of 
Cyprinidae. Thus Rita rita formed the next most important dietary component (39.82 % 
of the bulk). Families Siluridae, Mastacembelidae and Notopteridae were also important 
to otters as supplementary diet by providing 0.71, 0.67 and 0.60 percent of bulk of the 
diet respectively. The remaining two families i.e. Belonidae and Ophiocephalidae, were 
consumed in a very low quantity, (Table.5.3). 
5.3.6 Difference between frequency and bulk of fish consumed 
The members of the family Bagaridae were used as prey more times (664) than 
any other family but eaten less in quantity (39.82%) as compared to Mugilidae which 
was used less frequently (468) but formed more in bulk (39.97%). Cyprinidae was also 
eaten more frequently (616) but the quantity eaten is less (18.15%) as compared to 
Bagaridae or Mugilidae. The remainder of the families were represented almost equally 
in frequency and bulk analysis, both being very low (Table 5.3). 
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Rhinomugll corsula (freq.occur.=22.94; bulk %age=38.50) and Rita rita 
(freq.occur.=22.45; bulk %age=33.29) were the principal prey species of otters, followed 
by Puntius spp.(freq.occur.=13.87; bulk %age=8.5), Labeo calbasu (freq.occur.=8.97; 
bulk %age=5.93), Oxygaster bacaila (freq.occur.=7.35 ; bulk %age=3.03), Mystus 
seenghala (freq.occur.=5.39 ;bulk %age=2.93) and Mystus tengara (freq.occur.= 4.71; 
bulk %age=2.14)(Table 5.4, 5.5). 
During both the years, Rhinomugil corsula was consumed more frequently and 
in more quantity during winter followed by summer (freq.occur.=24.08%; bulk 
%age=32.11) and monsoon (freq.occur.= 18.99%; bulk %age=17.63). Whereas Rita rita 
was eaten more frequently (freq.occur.=42.67%) during summer but in greater quantity 
(bulk %age=43.11) during monsoon. Similarly Puntius spp. and Oxygaster bacaila were 
consumed more frequently (freq.occur.=15.35 and 11.85 respectively) and in greater 
quantity (bulk %age=8.75 and 4.87 respectively) in summer followed by monsoon 
{Puntius=15.19% & 13.06; 11.58% & 5.64: Oxygaster bacaila=8.68% & 3.45; 2.32% & 
1.20) and winter (1.58% & 5.64 and 2.32% & 1.20 respectively) (Table 5.6). 
The monthly variation in frequency at which a species was consumed (percent 
frequency) and the quantity of it eaten (bulk percentage) was similar between the two 
study periods (r,=0.983, p=<0.05; n=24). There was significant variation in the 
frequency and quantity of consumption of different species in different seasons 
(Friedman's test, X^r=-1.28, k=3, N=24) but the variation in frequency at which species 
were consumed in different seasons was similar between the years (Kendalls coeff. of 
concordance, W=0.9148, D.F.=7, Sig=0.000). 
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5.3.7 Length of major fish species 
The mean length of seven major prey species consumed by otters has been 
depicted in Figure 5.5. Otters consumed prey ranging from 4-46 cm (Mean=16, 
S.E.M=1.09, N=97). The mean length of Oxygaster bacaila was smaller (9.2 cm, 
Range=6-12 cm) and Labeo calbasu was longer (26 cm, 12-45 cm). The largest prey 
was Rita rita followed by Labeo calbasu and Mystus seenghala. The rest of the prey 
were 5-20 cm long. 
5.3.8 Relation between prey quality and quantity eaten 
Table 5.7 summarises the calorific value of the seven major prey species and 
quantity of these that were eaten. The calorific value did not vary greatly between 
species (Mean=4.328, S.E.M=0.11, Range 3.69-4.5907 Kcal g'\ N=7). It was minimum 
in Puntius spp and maximum in Mystus tengara. There was no relationship between 
quality offish and quantity eaten (r,=-0.196, p>0.05). 
5.3.9 Prey other than fish 
In addition to fish, the other prey species identified from scats were crab, shrimp, 
birds, frogs and insects. Frogs and insects were eaten only during monsoon. The 
quantity eaten was low (Bulk percentage=0.15%, 0.03% and 0.25%, 0.04% 
respectively) when compared to birds, crabs and shrimps (Table 5.3). Crabs were eaten 
almost throughout the year whereas birds and shrimps were eaten only during winter 
and nrransoon. Thus other than fish, crab was an important subsidiary food item for 
otters, followed by birds and shrimps. Shrimp constituted a part of otter diet (1.32%) 
specially in winter. Out of 27 occurrences of shrimps 85.18% were recorded in winter 
and 14.81% in summer (Table 5.8). 
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Table 5.7 Calorific value of major prey species and their quantity consumed by otters. 
Species 
Rhinomugil corsula 
Rita hta 
PunGus spp. 
Labeo calbasu 
Oxygaster bacaila 
Mystus seenghala 
Mystis tengara 
Cal.value 
(Kcal g-') 
4.3175 
4.3752 
3.6900 
4.2751 
4.5505 
4.5907 
4.5000 
No. of 
Occurr. 
468 
458 
283 
283 
150 
110 
96 
Percent 
Occurr. 
26.77 
26.20 
16.19 
10.46 
8.58 
6.29 
5.49 
Bulk 
percentage 
38.50 
33.29 
8.50 
5.93 
3.03 
2.93 
2.14 
Apart from this 46 occurrence of molluscs, 12 vegetative matters (grassroots or grass) 
and seven occurrence of mammalian hair were also recorded. All the mammalian hair 
were identified as otter hair which might have been consumed by the otter itself while 
grooming, where as the molluscan shells and vegetative matters were consumed as 
secondary ingestion. It is not clear whether the insects consumed were direct or due 
to secondary ingestion. 
Out of the 45 recordings of birds only nine could be identified. Among these two 
were Common shelduck (Tadoma tadoma), one Spotbilled duck {Anas poicilorhynca) 
and six Blue rock pigeon {Columba livia). 
5.3.10 Availability of major fish species 
Estimates of the availability of seven major fish species were based on the 
frequency of occurrence of each species per catch effort. Table 5.9 summarises the 
results of 60 catch efforts, 30 each during 1989 and 1990. There was no significant 
difference in the catch/unit effort between 1989 and 1990 (r,=0.89) but there was a 
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significant variation in the availability between seasons (Friedman test X2=30.4524, 
D.F.=2, P=<0.000) (Table 5.10). Oxygaster bacaila was the most abundant fish followed 
by Puntius and Labeo spp. Rhinomugil corsula was more abundant during winter than 
summer and monsoon, whereas Rita rita was more abundant in summer. The 
availability of two catfish Mystus seenghala and M. tengara also appeared to be more 
during winter. 
5.3.11 Relationship betvireen avallabiUty and consumption of major rish species 
All seven major prey species showed an increase in percentage consumed with 
an increase in relative availability (catch/unit effort) though Puntius spp. and Oxygaster 
bacaila showed a lower correlation than others (Table 5.11). This can be attributed to 
the size of this prey, which though eaten in proportion to their availability had low 
representation in the monsoon and winter scats, since their thin scales and bones were 
difficult to identify. But by summer they grow sufficiently large in size to be represented 
in the scat. Rita rita and Rhinomugil corsula showed greater correlation among all the 
species. 
Table 5.11 Pearsons correlation coefficient (r) between 
availability and use of seven major prey species. 
Species 
Rhinomugil corsula 
Rita rita 
Puntius spp 
Labeo calbasu 
Oxygaster bacaila 
Mystus seenghala 
Mystus tengara 
r 
0.82263 
0.91535 
0.61193 
0.78717 
0.66053 
0.77941 
0.74746 
73 
5.3.12 Prey selection 
Seven major fish species that constituted 85% of the total diet were considered 
for analysis. For the analysis of availability and utilization of these major species, 
confidence interval technique of Neu et al. (1974) was used in conjunction with Chi-
square goodness of fit test. This test was used to determine whether there was any 
significant difference between the expected utilization of different species and the 
observed frequency of their usage. If a statistically significant difference was found 
between the availability and utilization, the data were further investigated by Bonferroni 
confidence interval technique, following Byers etal. (1984) to determine which species 
was being preferred. Similarly comparisons were made to find out preference for major 
prey species in different seasons. 
Conclusion on the availability of major fish species and its use by otters using 
Bonfenroni confidence interval shows that Rhinomugil corsula and Rita rita were used 
more frequently than their availability indicating higher preference for them, followed by 
Puntius spp., Mystus seenghala and Mystus tengara were consumed in proportion to 
their availability, where as Puntius spp., Labeo calbasu and Oxygaster bacaila were 
used less than their availability or not preferred (Table 5.12). Subsequent analysis for 
different seasons show that Rhinomugil corsula and Rita rita were being preferred 
throughout the year, where as Puntius spp., Mystus seenghala and Mystus tengara 
were consumed in proportion of their availability, Labeo calbasu and Oxygaster bacaila 
were used less in proportion to their availability throughout the year. (Table 5.13, 5.14, 
5.15). 
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5.2.13 Prey other than fish 
The percentage of all prey species other than fish in the diet showed high 
correlation with increase in availability (Table 5.16). All these prey items were available 
more to otters during winter followed by summer and monsoon. Shrimp showed highest 
correlation between availability and use followed by crab and birds. 
Table 5.16 Pearsons coefficient of correlation (r) 
between availability and use of prey 
other than fish. 
Prey category 
Birds 
Crab 
Shrimp 
r 
0 .84814 
0 .89889 
0 .94586 
5.3 DISCUSSION 
Estimating the consumption of any prey type by a carnivore depends upon 
accuracy in analysis of diet (Reynolds and Aebischer, 1991). Dietary analysis from 
faecal component data is an indirect method and as such the technique is prone to bias 
(Tiler et. al, 1989). Nevertheless, the advantage in using scats were held to outweigh 
the disadvantages, and scat analysis has been shown to give an accurate reflection of 
diet (Eriinge, 1969). However a number of technical and interpretational difficulties exist 
in faecal analysis. Because of these problems as many variations of techniques have 
been employed as there have been dietary studies, so much so that the results of 
faecal analysis are rarely comparable between studies (Reynolds and Aebischer, 1991). 
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Many workers on otters have stated that frequency of occurrence of prey parts 
in scats often give relative importance of different prey categories (e.g. Melquist & 
Hornocker, 1983; Larson, 1983). But the most important problem of frequency analysis 
was the underestimation of prey ingested in large quantities (Van der Zee, 1981). This 
is usually an index of relative frequency of consumption of a prey species but it does 
not indicate the quantitative value. For better representation of frequency of occurrence 
data, a relatively simple method was derived by Lockie (1959). This method (bulk 
percentage) was adopted by Wise et.al. (1981), and has been adopted in the present 
study. 
The items which occur in the otter's diet vary according to the species of otter 
involved, time of the year and place. They depend on what species are available, and 
it is also possible that otters have preference for certain types of prey (Chanin, 1985). 
An understanding of the temporal relationship between predators and their prey is 
important in identifying potential limiting factors. Unlike other terrestrial mammals, fish 
must be available round the year if otters are to remain as permanent residents in the 
study area (Melquist and Hornocker, 1983). 
In this study scats were collected from a resident population and as the river is 
perennial, significant variations in the number and frequency at which the amount of a 
species was consumed in different seasons, was improbable. However significant 
variation may be possible in the bulk of prey species consumed in different months and 
seasons. 
The percentages of various prey items found in the scats were considered as 
proportions of the prey species/category ingested, on the assumption that there is no 
differential digestion in otters. Changes in the diet that were recorded from scats were 
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found to be related to changes in availability indicating that composition of diet of otters 
depends on the availability (catchability & abundance) of prey species. 
The overall results of this study indicate that the smooth coated otter is 
predominantly a fish eater and is similar in food habits to American river otter (Lutra 
canadensis) and Eurasian or common otter (Lutra lutra). Melquist and Hornocker (1983) 
have identified seven fish species as potential prey of American river otter in west 
central Idaho. Tiler et. al. (1989) have identified at least 19 fish species as prey of 
smooth coated otter {Lutra perspicillata) from a 75 km. stretch of the Narayani river in 
Royal Chitwan National Park, Nepal. In this study at least 12 species offish have been 
identified as prey. 
Of the seven major prey species which are found throughout the year, 
Rhinomugil corsula and Rita rita were the most preferred prey and constituted the 
'principal diet' (Petrides, 1975). This may be due to greater availability of these species 
to otters. Rhinomugil corsula is mostly found in shoals of 4-200 along the water's edge. 
They mostly congregate near waterfalls and rapids and are anadromus in nature. Otters 
in groups were often observed to hunt this fish in a semicircle moving against the river 
current. Rita rita is found under and between stones and in cracks and crevices and is 
sluggish. Thus both these species are more easily available to otters than other fish 
species. 
Food selection and preferences cannot always be discernable in otter's diet. It 
is therefore quite difficult to detect such preferences. Even if considerable care is taken 
to analyze the diet, it is rarely possible to obtain more than rough indications of the 
relative importance of the prey consumed (Chanin, 1985). 
Oxygaster bacaila and Puntius spp. which appear to be most abundant were 
poorly represented in monsoon and winter scat. The apparent reason for this is that 
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these fish are small In size (5-10cm) and have very thin scales, and thus are often 
digested easily. Even when the scales are present in scats they are often difficult to 
identify. But during summer they become large enough to be detected in scats. Soft 
parts of prey are difficult to identify from carnivore diet; a shortcoming that has not been 
addressed adequately. Better techniques are needed to quantify consumption rate of 
soft tissues or to improve estimates of soft tissues based on identifiable remains 
(Larsen, 1984). 
Labeo calbasu, a major carp constitutes 6% of the total diet. It is mostly found 
in stagnant water and is available throughout the year. It was eaten less in proportion 
than its availability. Surprisingly it was consumed more in winter when more abundant 
smaller prey species were available.This may be due to their higher abundance and 
high calorific value. Mystus seenghala and M. tengara were being used in proportion 
to their availability. Ompok bimaculatus is another cat fish which is also important to 
otters. Mastacembelus spp., which are eel-like slow moving prey however constitute a 
minor component of (0.64%) the diet and Notopterus spp., Xenetodon cancila and 
Channa spp. were eaten occasionally. 
According to optimal foraging theory the predator ought to choose the most 
"profitable" prey (Schoener, 1971; Pullium, 1974; Werner and Hall, 1974; Charnov et 
al., 1976; MacArthur and Pianka, 1966). However, for otters the most profitable prey 
type would appear to be the most available prey that can be easily found, pursued and 
captured. In such a case if a large prey is not easily available, the predator may 
increase its search effort. It may move larger distances in search of potential prey or 
may go for smaller, easily available and more abundant prey that might be more 
profitable. When food abundance decreases (absolutely or relatively), animals adopt 
one or both of the following strategies: increase the searching time with a concomitant 
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increase in energy expenditure, or, decrease the selectivity of food items within the 
constraint of digestive anatomy and physiology (Schoener, 1971; Emien, 1973; Pyke 
et al., 1977; Krebs, 1978; Kumar, 1987). Smaller prey such as crab, shrimp and frogs 
constitute a smaller proportion of the diet of other otters species (e.g. Wise et al. 1981 
for Lutra lutra and Weber, 1990 for L Lutra; Melquist and Hornocker, 1983 for L. 
canadensis;). It was similar in case of smooth otter also. 
As evident from this study, though the smooth coated otter is predominantly a 
fish eater, it supplements its diet with shrimps, crabs and insects, especially in winter. 
This is because these supplementary prey species are more abundant in winter. Otters 
cannot move over larger areas in search of food in winter since they litter at this time 
of the year and most activities of the breeding groups remain confined to the dens 
(Chapter 7). So they have to satisfy themselves in the shortest possible time. 
Consequently the diversity of prey species consumed is greater in winter than other 
seasons. 
The National Chambal Sanctuary by virtue of its status, is a protected area 
where fishing by any means is banned. Nevertheless as was evident during this study, 
there is evidence of illegal fishing in the areas where otters live. However no evidence 
of over fishing was observed that could deplete the fish stock. In the study area, large 
scale intraspecific competition was obvious as other aquatic fauna such as gharial, 
mugger, Gangetic dolphin and several species of fish eating birds also live within and 
around the otter habitat. Further study on the resource partitioning will be helpful in 
understanding the level of competition among these species. 
83 
5.4 SUMMARY 
The food habits of otters were studied by analysing 560 scat samples collected 
during 1989 and 1990. Fish were the most important prey of otters throughout the year. 
12 fish species belonging to eight families were identified. Rhinomugil corsula and Rita 
rita were most important prey species eaten throughout the year. Otters supplemented 
their diet with birds, crabs and shrimps. The number of prey species used varied 
considerably. It was greater in winter than in summer or monsoon. 
Smaller prey like shrimps and crabs were mostly eaten during winter. Birds were 
eaten in proportion to their availability during winter than the summer. Prey species 
were consumed mostly in direct proportion to their availability. 
The size of the prey varied from 5-45 cm. The selection of prey depended on the 
availability (abundance and catchability). Fish of economic value, such as major carps, 
constituted a small percentage of the diet 
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CHAPTER 6 
CAPTURE, IMMOBILIZATION AND RADIO-IMPLANTATION PROCEDURE 
6.1 INTRODUCTION 
Four species of otters occur in the oriental region but none have been subjected 
to detailed studies in the field. All that we know of their behaviour is based largely on 
observation of captive animals (Mason and Macdonald, 1986). Although all the four 
Asian species have broad geographic ranges and have been heavily exploited as major 
fur bearers, information on their ranging pattern, habitat preference and social 
organization Is lacking. Hence the primary objective of conducting a radiotelemetric 
study was to collect comprehensive ecological Information for long term conservation 
of smooth otter in conjunction with other endangered aquatic fauna such as crocodilians 
and turtles. This chapter describes the capture, immobilization and radioimplantation 
procedures. 
Ecological information can most easily be obtained by devising a system of 
trapping, tagging and tracking individuals closely for a considerable period of time. 
Radioteiemetry, a technique already tried on many species is an obvious choice 
(Mitchell-Jones et al., 1984). Radiotelemetric studies have successfully been tried on 
several species of otters (e.g. Melquist and Hornocker, 1979a, 1979b; Reid 1984; Reid 
etal., 1986 on American river otters; Mitchell-Jones etal., 1984; Green et al., 1984 on 
Eurasian otters; and William and Siniff, 1983 on sea otters). In this study, the 
Intraperitoneal implantation procedure developed by Melquist and Hornocker, (1979a,b) 
has been followed with modifications wherever needed. 
6.1.1 Why implantable transmitters ? 
Radioteiemetry technology and its applications have Increased significantly 
during the last decade. Despite widespread use of telemetry to study a variety of wild 
animals under natural conditions, it remains uncertain whether radio tagged animals 
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behave normally. It has been generally assumed that the placement of a transmitter in 
or on the animal does not cause significant behavioural or physiological change (Corner 
and Pearson, 1972). However several studies (e.g. Garcelon, 1977 on mountain lion; 
Melquist and Hornocker, 1979 on river otter, Clute and Ozoga, 1983 on white tailed 
deer; Garshelis and siniff, 1983 on sea otter; Garrot et al., 1985 on mule deer) have 
demonstrated instrumentation effect on the free ranging animals. On the contrary, most 
investigators have concluded that, although transmitter attachment may alter some 
aspects of an animals behaviour or physiology, the changes do not significantly affect 
the integrity of research (White and Garrot, 1990). 
The advantages of intraperitoneal implantation of radiotransmitter as compared 
to the traditional neck collar fitted with transmitter are that: 
1. it can be retained for a desirable period 
2. it is not an obstacle while swimming and does not catch on a snag while 
diving or while entering the burrow. 
3. neck collars often cause irritation and change the normal behaviour which 
is not likely to happen in case of implantable transmitters. 
An implantable telemetric study was successfully used first in American river 
otters (Melquist and Hornocker, 1979a,b) and subsequently on sea otters (William and 
Siniff, 1983; Hoover, 1984). Melquist and Hornocker (1979a,b) have observed that in 
the case of American river otters social interaction among conspecifics did not alter or 
disrupt since the transmitter could not be visually detected. 
6.2 METHODS 
Four otters of different age and sex were captured between April 1989 to 
January 1991, surgically implanted with radiotransmitters, released at the capture site 
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and monitored for varying lengths of time. The following methods were adopted for the 
study. 
6.2.1 Equipments 
Telemetry equipment was acquired from M/S Telonics (Telemetry and Electronics 
consultants, Mesa, Arizona, U.S.A.) through FAO/UNDP Project in India. The complete 
radiotracking equipment consisted of six radiotransmitters, two TR receiving set, one 
H directional antenna and one set of Clark headphones. Two additional set of 
headphones and 2 sets of four elements Yagi antennae were provided by the Wildlife 
Institute of India. 
6.2.2 Specification of radiotransmitters 
Radiotransmitters compatible for intra-abdominal use were self-contained 
(transmitter, battery and aerial) and insulated with epoxy resin. The detailed 
specifications of the transmitters used in this study were: 
Weight 110 gm 
Length 9 cm 
Diameter 2 cm 
Frequency 
Pulse rate 
Range 
Life 
Power 
164-166 MHz 
50-55 per min 
2 km 
18 months 
Lithium cell 
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6.2.3 Capture 
For capturing otters in the study area, four kinds of traps viz: Tomahawk live 
trap, Leghold trap, Aldrich foot snare and Hancock live trap were tried. Except for the 
Tomahawk live trap all other traps were made locally. The first trapping operation was 
started in April 1989 and continued till February 1991. During this period four otters of 
different age and sex were captured. 
6.2.4 Tomahawk live trap 
Initially Tomahawk live traps with fish as bait were set in ankle deep water. Later 
only blind traps were set. All traps were set in the path leading to dens or to rolling and 
sprainting sites or in landing sites. Following Northcott and Slade (1976), after installing 
the traps all scats and tracks were removed by spraying river water. The traps were 
checked every day from a distance of 50 to 100 meters using binoculars. 
6.2.5 Leghold traps 
Ten Leghold traps were used, five at a time, the other five were kept as standby. 
All leghold traps were padded initially with polyurethrene foam which caused several 
escapes. Subsequently a strip of cotton cloth was used for padding. Leghold traps were 
set mostly on paths leading to dens, sprainting and rolling sites. All standard 
precautions as advised by Northcott and Slade (1976) were taken. 
6.2.6 Aldrich foot snare 
Four Aldrich snares were used consecutively for eight nights. In one instance 
fresh foot prints were noticed at the trap site, but the trap never sprung. Therefore 
installation of foot snares was subsequently discontinued. Moreover the setting up of 
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Plate 6.1 Captured otter h Tomahawk live trap 
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Aldrich foot snares was very difficult because of tlie rocky terrain and wherever the 
sites were suitable, either Tomahawk live traps or Leg hold traps were used. 
6.2.7 immobilization and anaesthetic procedure 
Chemical immobilization of wild mammals is a valuable tool in wildlife research 
and management (Harthoorn, 1976; Hebert and McFetridge, 1981; Nielsen etal., 1982). 
Several drugs have been used successfully to immobilize different species of otters. 
William and Kochner (1978), tested five anaesthetic agents (CI 744, etorphine, fentanyl, 
ketamine hydrochloride and halothane) to establish a safe, effective and short acting 
anaesthetic dosage for use in sea otters {Enhydra lutris). Subsequently Williams and 
Siniff (1983), immobilized sea otters using fentanyl in combination with azaperone. Seal 
and Erickson (1969) and Seal et ai, (1970) used phencyclidine and promazine to 
immobilize North American river otters {Lutra canadensis). Kane (1979) and Melquist 
and Hornocker (1979 a & b), immobilized North American river otters with ketamine 
hydrochloride (KHCL). Hoover (1984), tried KHCL in combination with xylazine and 
acepromazine maleate for the general anaesthesia of American river otters. Jenkins 
and Gorman (1981), Reuther (1983) and Reuther and Brandes (1984), used KHCL for 
the immobilization of European otters {Lutra lutra) and on oriental small clawed otters 
{Aonyx cineria) by Kane (1979). Reports on the chemical immobilization of smooth 
coated Indian otter {Lutra perspicillata) is not available. 
In order to implant a radiotelemetric device in the smooth coated otters, it was 
imperative to select a safe, rapid and effective anaesthetic agent that could easily be 
administered without undesirable side effects. A mixture of 500 mg of xylazine 
hydrochloride (XHCL) and 400 mg of ketamine hydrochloride (KHCL) - the Hellabrunn 
Mixture (HBM) (Wiesner, 1977, Munich zoo), was chosen for this purpose. 
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Five smooth coated otters (3 males and 2 females) were anaesthetized by using 
HBM. The initial anaesthetic experiment and trial implantation were carried out on a 
captive adult male. Subsequently, two males (one adult and one juvenile) and two 
juvenile female otters captured in the National Chambal Sanctuary (NCS), were 
transported 40 km north-east to the field research station of the Wildlife Institute of India 
at Deori, for surgery. Of the four wild caught otters, two were anaesthetized and 
implanted with radio-transmitters within 30 hours after capture. The other two otters 
were held for a period of 6 weeks in a cement pool and maintained on a live fish diet. 
All the animals were kept off food 8-10 hours prior to surgery. Each animal was 
then anaesthetized using a Teleinject blowpipe through a gas pressurized syringe filled 
with freshly prepared Hellabrunn Mixture HBM (ketamine hydrochloride 400 mg, 
Ketaset, Veterinary Products, Bristol Laboratories, Syracuse, New York, + xylazine 
hydrochloride 500 mg dry substrate, Rompun, Bayer Leverkusen, Germany). 
The initial dose for the captive adult male was calculated based on body weight 
and supplementary dosage were administered by intramuscular injection to achieve 
complete anaesthesia for surgery. Approximate dosage for the wild caught individuals 
were fixed by measuring the differences in weight of the holding cage with and without 
the animal. Following administration of HBM, clinical signs and timing of the effect of 
drugs were recorded. However during the surgery respiratory and heart rates were not 
systematically recorded but these were checked whenever possible, and any changes 
or abnormalities were noted. 
Induction time was recorded as the period between administration of the drug 
and failure of the animal to resist when handled. Duration of anaesthesia was recorded 
as the interval from the end of induction to the time when the animal regained the ability 
to resist being handled. The total duration of sedation was recorded as the time when 
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the animal completely gained consciousness and was nonnal in all respects. In order 
to allow the completion of surgical procedure for radioimplantation, anaesthesia was 
maintained for a desirable period by supplementing additional doses when required. 
6.2.8 Surgical procedure 
The use of implantable radio-transmitters is a recent advancement in wildlife 
research. The implantable procedure was first developed by Melquist and Hornocker 
(1979a,b) to study the ecology of American river otters. Subsequently it was used In 
several research projects on river otters (e.g. Larsen, 1983; Woolington, 1984; 
Anderson and Wolf, 1984; Reid, 1984; Erickson et al., 1984) and for sea otters (e.g. 
William and Siniff, 1983). The trial implantation was carried out in an airconditioned 
room in National Zoological Park, New Delhi, whereas the actual implantation was 
carried out in field research station in an ordinary room. The trial surgery was 
perfonned by two veterinarians who were directed to follow a protocol that had been 
prepared by consulting the literature. Actual implantation was carried out in field 
conditions. In two cases, trained veterinarians were not available. Hence the surgery 
in those cases was done by a surgeon. Prior to surgery the transmitters were sterilized 
by keeping them in 2% Centrimide solution for 12 hours and then in 70% Ethyl alcohol 
for 2-3 hours and finally in absolute Ethyl alcohol for an hour. 
For the incision the abdominal area between the last ribs and iliac crest at the 
left flank was selected. Incision site was cleaned with 2% Centrimide solution and 70% 
Ethyl alcohol. The fur from incision site in an area of approximately 2x8 cm was shaved 
by using an ordinary shaving razor. The skin was prepared for incision with a 
provodine-fodlne scrub followed by 70% ethyl alcohol. The anaesthetized otter was 
placed in lateral recumbency on a surgical table. A sterile surgical drape was spread 
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over the site and incision of approximately 6-7 cm was made on the skin directed on 
a dorso-ventrai axis. The extemal oblique, internal oblique and transverse oblique were 
torn open by a pair of blunt scissors rather than cutting. Entry through each muscle 
layer was done one at a time. This was done by carefully thrusting a pair of closed 
surgical scissors into the muscle layer and spreading them with the grain of muscle so 
that the blunt back side of the blade separated the muscles. Finally the thin peritoneum 
was carefully cut open. The sterile transmitter was inserted through the incision 
avoiding internal organs and placed ventrally and carnio-caudally in the abdomen by 
slowly palpating it from outside. The transmitter was allowed to float free in the body 
cavity. 
The peritoneum and the innermost muscle layer were sutured together with "000" 
size biodegradable catgut suture material using continuous suture. The other two 
muscle layers i.e. internal oblique and external oblique were sutured separately with 
"000" size biodegradable cat gut using continuous suture. The integument was closed 
by "0" size non-biodegradable monofilament teflon thread and 8 to 10 interruptive knots 
were tied. 
6.2.9 Postoperative care and immunization 
An antibacterial sulfa powder was sprayed on the wound. As a precaution 250 
mg of fast acting, broad spectrum Cefaxin injection was given as prophylaxis against 
infection prior to surgery, after surgery and after every 24 hours for three days. After 
the surgery the animals were kept in a specially constructed drugging box (Melquist and 
Hornocker, 1979a) and their recovery period was monitored. When completely 
recovered they were given water for drinking but no food for 6 to 8 hours after surgery. 
Local swelling of the surgical wound was observed in two otters. As a prophylaxis, 
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Plate 6.2 Implantating radiotransmitter 
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broad acting Gentamicin paediatrics injection (20 mg) was given for five days along with 
local application of Acriflavine solution. 
6.2.10 Release and monitoring 
All the four wild otters survived surgery and were released 4 to 21 days after the 
surgery at their respective capture sites. The captive male otter of the National 
Zoological Park, New Delhi however, died 24 hours after surgery. Necropsy was 
performed on it and it was found that the deceased otter had eaten a piece of rubber 
which stuck in its larynx leading to asphyxia and death. 
The wild otters were monitored for a period of 11 to 22 months from land and 
when possible by boat. The duration of monitoring for each otter is shown in Table 7.1 
The monitoring procedure was largely based on Melquist & Hornocker (1983) and 
Green etal., (1984). Fixed well known elevated locations or points at every 500 meter 
along the intensive study stretch were selected. Radio locations of each animal were 
made from these points by triangulation using compass bearing, from two such points. 
Once the signal was received actual locations were made from the water edge to 
minimize error in triangulation. 
6.3 RESULTS 
During the trapping operation, 4 captures were made in 1465 trap nights. The 
results of the trapping efforts using various trap types are summarized in Table 6.1. 
The most successful trap was Tomahawk live trap followed by Leghold trap. 
From the experiment it was found that HBM was efficacious for surgical 
manipulation immobilization of smooth coated Indian otter. Details of the five cases of 
immobilization under consideration are shown in Table 6.2. The mean dose of HBM 
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required to anaesthetize 2 adult and 3 juvenile otters was 1.04 ml/otter, (S.E.M.=0.143, 
N=5, minimum= 0.5, maximum=1.3 ml) or 0.182 ml/kg body weight, (S.E.M.=0.024 
ml/kg body weight, minimum=0.12, maximum=0.26 ml/kg) or 15 mg of KHCL and 18 
mg of XHCUkg body weight. 
Table. 6.1 Results of trapping effort at the intensive study site using various trap 
types during 1989 to 1991 
Trap Type Trapnight Capture Trapnight/capture 
Leghold 
Tomahawk 
Hancock(local) 
Aldrch FS(local) 
Total 
626 
785 
16 
38 
1465 
1 
3 
0 
0 
4 
626 
262 
-
-
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Induction was achieved within 3-10 minutes (mean=6.4, S.E.M.=1.30 minute) 
after the delivery of the drugs. In animals 1 & 3, a subsequent dose of 0.3 ml HBM was 
required to achieve induction. In case of animals 1 & 4, additional doses of 0.4 and 0.2 
ml HBM respectively, were required to prolong the anaesthesia for completion of 
surgery. The duration of anaesthesia varied from 55-90 minutes (mean=68, 
S.E.M.=6.03 minute). We did not find significant correlation between the per kg dose 
of HBM and the duration of anaesthesia (Spearman rank correlation, rs = 0.70, P>0.05). 
During the initial period of anaesthesia the heart rates and the respiratory rates 
decreased slightly, and then remained stable during the entire duration of anaesthesia. 
In two cases slight muscular tremors were observed which lasted for 20-30 seconds. 
During the anaesthetic period eyelids remained open, the muscle tone was normal and 
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Plate 6.3 Releasing the instrumented otter 
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no muscular rigidity was observed. While recovering, control of the head was gained 
first, followed by fore and hind limbs. Otters were slightly aggressive during the early 
stage of recovery. Three animals urinated immediately after recovery from deep 
anaesthesia. Although on recovering from anaesthesia, the otters responded to slight 
noise and tactile stimuli, they remained in a state of sedation for 2-11 hours (mean=5.4 
hours, S.E.M.=1.63 hours). 
6.4 DISCUSSION 
Literature on live trapping of otters (Northcott and Slade, 1976; Melquist and 
Hornocker, 1979a) indicates that otters are difficult to capture. In any case success of 
trapping depends on many factors such as the trap used, the density of otter population 
and above all, experience of the trapper. In this study the catch size was too small (i.e. 
four) to evaluate the success of trapping effort and the potential of the capture 
techniques using different traps. Nevertheless, from my limited trapping experience it 
appears that the Leghold trap is most effective, but there is always a risk of serious 
injury to the trapped animals, since they violently resist the trap (Melquist and 
Hornocker, 1979a). Moreover, using a Leghold trap is now an offence in India under 
the Wildlife (Protection) Act, 1972. The Tomahawk live trap although safe is bulky and 
often difTicult to set in the field. The cause of unsuccessful or delayed capture in the 
present case was the frequent discontinuation of trapping effort due to harassment from 
dacoits. Besides the traps which were made locally did not work properly. Further 
research in this regard is necessary. 
Ketamine has been widely used to immobilize different species of otter, but it 
often causes muscle rigidity that hinders surgical procedure. Some mortality was also 
reported by William and Kochner (1978). Other effects include decline in body 
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temperature, increased salivation, convulsions, depressed respiration and cardiac 
stimulation (Beck et al., 1971, Kolata and Rawling, 1982 cited in Logan et al., 1986). 
Besides, the use of ketamine alone in the case of otters frequently results in 
hyperthermia in conjunction with poor relaxation, apnoea, tachycardia and hyper-
excitability during the recovery phase (Seal and Kreeger, 1987). However, ketamine 
can be easily administered, is readily effective, has a wide margin of safety and its 
effects are not cumulative as those of barbiturate, therefore the doses can be frequently 
repeated (Ramsden et al., 1976; Melquist and Hornocker, 1979a,b). 
Ketamine when used in combination with xylazine another central nervous 
system depressant that produces analgesia with sedation and muscle relaxation, 
(Hebert and McFetridge (1981) cited in Logan et ai, 1986) causes a reduction in 
salivation, muscle rigidity, emesis and convulsions (McWade, 1982). To eliminate the 
side effects of ketamine anaesthesia, acepromazine, oxymorphine, trifluromazine and 
xylazine are used in felids (Amend, 1972; Herbst etal., 1985; Logan etal., 1986). Apart 
from this the combination of KHCL and XHCL has been used to immobilize many other 
carnivores (e.g. Stephenson etal., 1978; Knight, 1980; Hebert and McFetridge, 1981; 
Parry ef a/., 1981; Nielsen etal., 1982; Herbst etal., 1985; Kreeger etal., 1986). These 
drugs usually result in smooth induction and recovery (Harthoorn, 1976). Thus Seal and 
Kreeger (1978) recommended the use of ketamine (15 mg/kg) and xylazine (1 mg/kg) 
as the safe anaesthetic agent for otters. In this study we have used Hellabrunn mixture 
which has a specific combination ratio (1:1.25) of ketamine and xylazine. 
Xylazine often causes prolonged sedation (Parry etal., 1981; Hatch etal., 1982) 
that can be eliminated by using yohimbine hydrochloride, an antagonist to XHCL (Hatch 
et al., 1982; Cronin et al., 1983; Goldberg and Robertson, 1983 and Jessup et al., 
1983). In our experiment we observed prolonged sedation (2-11 hrs.) that could be 
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attributed to XHCL. The duration of sedation could have been altered at least in the 
fourth and fifth cases. 
There is evidence that drug choice, drug doses and animal response differ 
among species and may vary within species (Seal and Kreeger, 1987). Even though 
the dose/kg body weight varied considerably we did not find significant variation in 
duration of anaesthesia. The variation in initial drug dose in the two juvenile females 
appears to be due to the temperament of the otters just before administration of the 
drugs. One of the juvenile females (case 4) was very agitated compared to the other 
(case 2). Both the adult males took longer to achieve induction compared to the 
juvenile male (case 5) and juvenile female (case 2). Apart from longer duration of 
sedation no other physiological complication was observed. In this study we could have 
averted the undesirable effect of xylazine by using yohimbine but it was not available. 
However, 24 hours after surgery the captive male died. Necroscopy revealed that it had 
swallowed a piece of rubber surgical drape which had blocked the trachea leading to 
asphyxiation and death. 
From the experiment it was concluded that Hellabrunn mixture is a safe 
anaesthetic agent for otters. However to eliminate the side effects of xylazine, 
yohimbine hydrochloride can be administered. 
Lateral side between the iliac crest and last rib is suitable for incision as also 
reported by Polechia (1988). Surgical wounds in two juveniles showed minor secondary 
infection which was controlled by the intramuscular injection of Gentamycin paediatrics. 
6.5 SUMMARY 
Four otters were captured by Tomahawk and leg hold traps, immobilized with a 
combination of ketamine and xylazine hydrochloride (Hellabrunn mixture). The mean 
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dose of Hetlabmnn required to anaesthetize 2 adult and 3 juvenile otters was 1.04 
ml/otter, or 0.182 ml/kg body weight, or 15 mg of KHCL and 18 mg of XHCUkg body 
weight. 
Otters were radioimplanted with a lateral incision, released after recovery and 
monitored for 11-22 months, from land and water by triangulation as well as by homing 
on to the animals. 
103 
CHAPTER 7 
MOVEMENT, HOME RANGE, HABITAT UTILIZATION, 
ACTIVITY PATTERN AND INTERACTION WITH OTHER SPECIES 
7.1 INTRODUCTION 
Animals regulate their ranging behaviour as to optimise their net energy gain 
within the constraints of the availability and distribution of resources. Harvesting may 
cause depletion of food resources and therefore, animals might also organise their 
ranging on successive days as part of the optimisation process (Kumar, 1987). In 
otters, food probably exerts the greatest influence on frequency of movements (Melquist 
and Hornocker, 1983). 
When food availability for an individual decreases, either as a result of decrease 
in food abundance or as an increase in population density, animals might adopt one or 
both of the following strategies: increase search time with concomitant increase in 
energy expenditure or decrease the selectivity of food items within the constraints of 
the digestive anatomy and physiology (Schoener, 1971; Emien, 1973; Kumar, 1987). 
Increase in search effort will thus influence the animal's movement. If the resources are 
clumped in distribution, the animal might restrict its movement to a very small area but 
if the resource is of poor quality and sparsely distributed the animal will have to roam 
over a larger area (Davis and Houston, 1981). Apart from this, certain intrinsic factors 
(Melquist and Hornocker, 1983), viz. the exploratory urge of an animal, age and sex 
differences and presence of other members of the population also influence the 
movement pattern. 
Burt (1943), defines home range as "the area traversed by an individual in its 
normal activities of food gathering, mating and caring for young". He believed that 
occasional sallies and exploratory moves outside the area should not be included as 
part of the home range. The size and shape of an animal's home range has little or no 
significance without regard for other factors (Sanderson, 1966). For group living species 
the home range area is positively correlated with the group size and negatively with the 
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habitat quality (Nevillie, 1968; Yoshiba, 1968; Kano, 1972; Makwana, 1978; Maruhashi, 
1982). If the quality of the habitat is high and all the requirements of the species could 
be fulfilled in a small area, its home range would probably be smaller (Sanderson, 
1966). 
Several factors influence the size and shape of the home range; population 
density (Burt, 1943; Robinette 1966), structure of the environment (Burt, 1943), 
patchiness of vegetation (Jewel, 1966), social behaviour (Stickel, 1954; Calhoun and 
Casby, 1958; Robinette 1966), heredity (Robinette, 1966), diet (Grubb and Jewell, 
1974) and sexual and age-specific dimorphism (Sanderson, 1966; Fitch and Shirer 
1970; Eisenberg, 1966; Ralph and Pearson, 1971; Harestad and Bunnell, 1981). The 
size of the home range in mammals is determined by the rate of metabolism (McNab, 
1963). A large mammal has a larger home range than a small mammal, as it uses more 
energy and therefore, needs a greater area in which to find this energy. In evolutionary 
terms, the size of home range or territory is determined by energy requirements (Gill 
and Wolf, 1975; Davies and Houston, 1981). 
Habitat has been defined theoretically as the location that supports a population 
including space, food, cover and other animals (Giles, 1978). Specific habitat 
requirements of a species need to be determined for their effective management and 
conservation (Eisenberg and Seidensticker, 1976). Habitat use by a particular species 
can be best understood by monitoring its movements which ultimately would reflect its 
behaviour or response to the habitat (Rongstand and Tester, 1969; Shea et al., 1990) 
or understanding internal structure and overlap of home range (Georgii, 1980; Horner 
and Powell, 1990). In spite of the subjectivity in selection of habitat categories, it is 
possible to identify the important factors that affect the extent of use of an area by an 
animal (Ben-Shahar, 1990). 
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There are many factors such as food, cover, physical structure (Roth, 1980; 
Cody, 1985; Terborgh, 1985) of the habitat and presence of other species that influence 
habitat selection. Selection of preferred habitat could essentially be a behavioural 
process of keying into structural habitat features so that interspecific competition is 
minimized (Lack, 1933; MacArthur et al., 1962, 1966). Differential habitat selection is 
one of the principal relationships which permits species to coexist. 
Observations of a number of species sharing the same habitat suggest that they 
coexist by utilizing different resources (Smith, 1990). Organisms having similar habits 
or life forms often do not occur in the same places. If they do occur, they use different 
food, are active at different time or are otherwise occupying somewhat different niches. 
Such resource partitioning or differential resource use is often regarded as outcome of 
interspecific competition. To minimize interspecific competition animal adopt different 
strategies, either they have different food habits or are active at different times. 
Generally, otters are thought to be nocturnal (Macdonald and Mason, 1983). However, 
at many places they are reported to be diurnal (e.g. European otter along the Shetland 
coast, Kruuk et al., 1989). 
Little or no information on its movement, home range and habitat use is 
available. In the greater Gangetic basin it shares its habitat with Gangetic gharial 
{Gavialis gangeticus), Indian marsh crocodile or mugger {Crocodylus palustris) 
Gangetic river dolphin (Platanista gangetica) and 18 species of turtles of which at least 
10 are riverine. Along the Chambal river it coexists with all these species. 
This chapter comprises an account of the following studies: 
1. Variations in movement pattern in different age and sex classes. 
2. Home ranges of different age and sex classes and seasonal variations. 
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3. Seasonal variations in habitat use with respect to habitat availability. 
4. Activity pattern 
5. Resource partitioning and coexistence with other species 
7.2 METHODS 
7.2.1 Movement pattern 
Minimum daily movement for each instrumented otter was estimated as the 
range linearity or linear distance moved between two consecutive day locations. This 
was calculated as the number of grids travelled between consecutive day locations. If 
the movement was restricted to one grid, it was considered to be below 250 metres, 
as each grid was 250 metres wide. Thus movement from one grid to another was 
considered as a movement of 250 metres, irrespective of the location within grids. 
When multiple locations of an instrumented otter were used in a single day, farthest two 
locations were used for analysis. 
7.2.2 Home range size 
The study method broadly followed Melquist and Hornocker (1983). In this 
study, home range, has been defined as the area or the total length of the river stretch 
(river km) which an otter used in a specific time period. Stumpf and Mohar (1962) have 
shown that expression of "home range" in terms of linear units is justifiable for a 
number of species. However, for comparison with the studies conducted elsewhere, 
attempts were also made to calculate the approximate area of home range from the 
width of the river. The mean width was 386.5 metres, (minimum=250, maximum=500, 
N=50). This was calculated from the width of 50 grids in the intensive study site in the 
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dry seasons (November to June). Thus the home range area=range length x mean river 
width. Estimation of home range was based on location data obtained from 
instrumented otters as well as identifiable noninstrumented otters. Efforts were made 
to identify unmarked otters by their coat colour and pattern, and size. The boundaries 
of home range were defined when an otter used the location on at least two occasions 
during a season. One time visits to areas outside these boundaries were considered 
exploratory and not a part of the home range. Activity centres were areas where an 
otter had been located at least 5% of the time during a specific season. 
7.2.3 Habitat availability and use 
Habitat use was determined from 1,048 radio-locations of instrumented otters. 
Habitat preference was determined by comparing availability of the habitat with its use. 
This indicates whether the resource (habitat) is used more or less than its availability. 
For the estimation of habitat availability each grid was characterized on the basis of 
shoreline characteristics. The following four categories were identified. 
1. Clayey river bank with no or very little ground cover 
2. Sandy river bank with no or very little ground cover 
3. Clayey or sandy bank with shoreline vegetation or marsh 
4. Rocky bank with boulders or sheet rocks 
From this, the proportion of availability of each category was calculated. This is 
a non-mapping technique developed by Marcum and Loftsgaarden (1980) and later 
used by Riney (1982). The resulting value was compared with number of radiolocations 
for each animal in each habitat category. The Bonferroni confidence interval technique 
of Neu et al. (1974) was used in conjunction with Chi-square test for comparison 
between availability and use. This test was used to determine whether there was any 
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significant difference between the expected utilization of different iiabitat types and the 
observed frequency of their usage. If a statistically significant difference was found 
between the availability and utilization, the data were rechecked and analyzed by 
Bonferroni confidence interval following Byers et al. (1984), to determine the category 
of preferred habitat. 
While using this technique it is essential that the values for the expected 
frequencies for 20% of the categories used should not be less than five. So, often it 
becomes necessary to combine some of the less frequent classes. But in the present 
study the number of habitat categories were already few and reducing them further by 
clumping together would have rendered them meaningless. Another technique 
proposed by Marion and Rydler (1977), was also used to prepare habitat preference 
index. Preference Index = Ratio of number of locations in each habitat category/Ratio 
of its availability. 
7.2.4 Activity pattern 
Activity of instrumented otters was recorded based on changes in signal volume 
and by direct observations. For nocturnal activity a 24 hour monitoring was done once 
in every fortnight (i.e. twice in a month and eight nights in a season). Foraging, feeding, 
travelling and social behaviour were determined by visual observations of instrumented 
and noninstrumented otters. The following criteria were used for classifying activity and 
behaviour. 
1. Telemetry 
a) Active Any type of movement which leads to change 
in signal volume and direction. 
b) Inactive No change in signal volume or direction. 
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2. Visual observation 
c) Foraging 
d) Travelling 
e) Grooming 
f) Marking 
g) Resting 
h) Social 
i) Other 
Searching for and consuming food. 
Intentional movement from one location to 
another. 
Rolling on sand or other related activities 
Defecating, urinating or inspecting such 
sites. 
Sleeping at day time 
Any type of behavioural interaction between 
two or more individuals. 
Any type of physical activity (play, social, 
territorial, digging). 
7.2.5 Coexistence with other species 
During radiotracking whenever basking ghariais and muggers were sighted, their 
approximate size, basking site topography and distance from nearest otter den were 
recorded. Food habits of mugger were examined by analysing 25 scats collected during 
this study. The food habits of gharial were examined by direct observations or from 
existing literature. Diurnal activity pattern of crocodilians were recorded during the 24 
hour radiotracking of otters. During the nesting season (March to June) efforts were 
made to locate gharial and mugger nests. If a nest was found, its distance from water, 
nearest otter den sites and the importance of these sites in relation to otters' use were 
also recorded. 
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7.3 RESULTS 
7.3.1 Movement pattern 
As the instrumented otters were either juvenile or subadult, i.e in the growing 
stage, it was expected that as the monitoring proceeded there would be an increase 
in the daily distance moved. The case of each otter has been described in this context. 
Table 7.1 gives the approximate age of otters at the beginning and end of radiotracking. 
Movements of otters within the home range were of two types - small scale movements 
associated with foraging in a restricted area close to dens and more extensive travels 
between dens and foraging sites. Most movements were restricted to 250 to 1500 
metres (Figure 7.1). Table 7.2 shows maximum distance travelled (river km) by 
radioimplanted otters based on consecutive day locations. 
Table 7.1 Approximate age (month) of instrumented otters at the begining and end 
of tracking. Age was estimated from fur texture and weight of otters. 
Otter 
Juvenile Female 
Subadult Male 
Juvenile Male 
Juvenile Female 
Release 
date 
9.03.90 
7.02.91 
1.05.91 
1.05.91 
Age 
4 
14 
6 
6 
Last 
contact 
25.12.91 
9.01.92 
14.03.92 
14.03.92 
Tracking 
duration 
22 
11 
11 
11 
Age 
26 
25 
17 
17 
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Table 7.2 Maximum distance travelled by instrumented otters based on consecutive 
day locations. 
Otters size class 
Juvenile female (1 year) 
Juvenile female (II year) 
Subadult male 
Juvenile male 
Juvenile female 
Date 
June 4, 1990 
Dec 10, 1991 
Jan 3. 1992 
Feb 28, 1992 
Feb 28, 1992 
Distance 
(km) 
4.50 
5.25 
7.75 
4.50 
4.50 
7.3.1.1 Juvenile Female (JFM50): Soon after release, the JFM50 took shelter in a 
rock crevice for five hours and then started its movement upstream from grid 45 
(capture and release site) to grid 42. Next day it was seen follovi/ing the family group 
at a distance of 50-60 metres. After six days it joined the family group. 
The mean distance travelled between consecutive day locations in the first year 
following release was 752.41 metres (S.E.M.=61.54, minimum=0, maximum=4750 
metre, N=197) while in the second year it was 1115.64 metres (S.E.M.=63.99, 
minimum=0, maximum =5250 metre N=307). The mean distance travelled, following 
release was maximum in April (1644.79, S.E.M.=314.03, minimum=0, maximum=4500 
metre, N=24) in the first year (March, 1990-February, 1991) and in December (2280.00, 
S.E.M.=310.91, minimum=0, maximum=5250 metre, N=25) in the second year (March-
December, 1991) (Figure 7.1). Distance travelled between consecutive day locations 
were significantly different in two radiotracking years (M-W, U=23335.5, P=0.0001, Z=-
5.1789). In the first year there was no correlation in the mean distance moved between 
consecutive day locations and month after release (r,=-0.776, P<=0.05, N=12), however 
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in the second year a significant correlation was found in the mean distance moved 
between consecutive day locations and month after release (rs=0.890, P<0.001, N=10). 
The mean distance travelled was maximum in summer in both the years 
(1990=997.06, S.E.M.=112.78, minimum=0, maximum=4000; 1991=1344.91, 
S.E.M.=100.44, minimum=0, maximum=4500 metre) and was minimum in the first 
winter (505.56, S.E.M.=39.10, minimum=0, maximum=1500 metre) (Figure 7.3). 
Distance travelled between consecutive day locations were significantly different in 
different seasons during both the years (K-W test, I year: X2(corrected for ties) = 
9.4673, P>0.0103; II year: X2(corrected for ties)=36.8736, P= 0.00013). 
7.3.1.2 Sub Adult male (SAM30): SAM30 joined the family group within 90 minutes 
following release. The mean distance travelled between consecutive day locations was 
1367.75 metre (S.E.M.=79.63, minimum=0, maximum= 7750 metre, N=293 locations). 
The mean distance travelled by SAM30 was maximum in December 1991 (2116.67, 
S.E.M=324.91, minimum=250, maximum=7500 metre, N=30) almost ten months after 
release and the minimum in February 1991 (545.45, S.E.M.=60.74, minimum=0, 
maximum=1000 metre, N=22), (Figure 7.2). There was no correlation in the mean 
distance moved between consecutive day locations and months after release (r3=0.071, 
P>=0.05, N=10). 
The mean distance travelled between consecutive day locations was maximum 
in summer (1862.07, S.E.M.=139.62, minimum=0, maximum=5500 metre, N=116) and 
minimum (545.45, S.E.M.=60.74, min=0, max=1000 metre, N=22) during the first winter 
(February 1991). This may be due to the low sample size. However the actual minimum 
movement occurred In monsoon (708.79, S.E.M=51.57, minimum=0, max{mum=2750 
metre, N=91). The mean distance travelled in the second winter (November 1991 to 
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January 1992) was higher (1691.41, S.E.M.=175.46, minimum=0, maximum=7750 
metre, N=64) than nnonsoon but lower than the summer (Figure 7.3). Distance travelled 
between consecutive day locations were significantly different in different seasons. (K-
Wtest, X2(corrected for ties)=46.9904, P=0.0001). 
7.3.1.3 Juvenile male and Female (JM10 & JFM7): Following release both the 
juvenile male and female (JM10 & JFM7) stayed together for the entire radiocontact 
period. Hence their movement pattern has been described together. Since these two 
animals were kept In an artificial enclosure for 12 weeks before release (delay in 
tagging and release due to unavailability of transmitter and due to minor infection in the 
surgical wound), soon after release their movements were erratic. Hence data on them 
was collected two weeks after release. They occupied a holt in grid 45 and their 
movement was restricted between grid 42 to 49, till the onset of monsoon. During this 
period they were occasionally seen following the resident family group. Later in July 
when the floods came and their den was submerged, they were seen with the family 
group foraging in grid 47 and their movements appeared to be normal. 
The mean distance travelled between consecutive day locations during the entire 
radiocontact period was 494.02 metre (S.E.M.= 40.41 minimum=0, maximum=4500 
metre, N=251 locations). The mean monthly distance travelled between consecutive 
day locations by these two otters was maximum in the month of March 1992 (1800.00, 
S.E.M.=522.81, minimum=0, maximum=4250 metre, N=10) when they were 16 months 
oldfoltowed by February 1992 (906.25, S.E.M.=228.12, minimum=250, maximum=4500 
metre, N=24) (Figure 7.2). A significant correlation in the mean distance moved 
between consecutive day locations and month after release (rg=0.89, P<0.01, N=10) 
was found. 
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The mean distance between consecutive day location in each season showed 
an increasing trend, being lowest in the first summer (May & June 1991=258.33 metre, 
S.E.M=29.09, minimum=0, maximum=1OOO0, N=60) and highest in the second summer 
(March 1992=1800, S.E.M=357.56, minimum=0, maximum=4250, N=10) (Figure 7.3). 
Distance travelled between consecutive day locations were significantly different in 
different seasons (K-Wtest, X^(corrected for ties)=9.4673, P>0.0103). This indicates 
that with the increase in age or as the monitoring period progressed there was an 
increase in the distance travelled between consecutive days. 
7.3.2 Home range 
The home range of all otters tracked overlapped extensively. Among the 
radioimplanted otters, the maximum home range was observed in SAM30 and the 
minimum in JM10 and JFM7. Among the non tagged otters, the home ranges of adult 
male and female with pups were estimated as 17 km and 5.5 km respectively. Table 
7.3 gives details of the home range of five age and sex class of otters in the study 
area. 
7.3.2.1 Juvenile Female (JFM50): The JFM50 was tracked for 22 months when it was 
approximately 4 to 26 months old. The home range in the first year following release 
was 5 km (1.93 km^), whereas in the second year it was 7 km (2.71 km )^. In the first 
year the home range was 5.0 km in summer, 2.25 km (0.87 km )^ in monsoon and 5 km 
in winter. Home range in the second year was greater than first year in all the seasons, 
6.5 km (2.51 km^), 4.25 km (1.64 km )^ and 7 km (2.71 km )^ in the summer, monsoon 
and winter respectively, of the second year. The home range was least in monsoon in 
both the years (Table 7.3). 
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During the first year, the up and down stream boundaries of JFM50 consisted 
of feeding sites which were largely back water marsh or banks with reed beds and 
other vegetation while the central part comprised of rocky stretches with intermittent 
sand deposits which provided den, grooming and feeding sites. Within the home range, 
2 km of rocky stretch between 170 and 172 km formed the activity centre (Figure 7.4). 
The overall home range of JFM50 consisted of 2 km of rocky stretch, 4.5 km of 
back water marsh and bank with shoreline vegetation and 0.5 km of open sand bank 
on the right bank and 2 km of rocky stretch and 5 km of open sand bank on the left 
(Figure 7.4). 
7.3.2.2 Subadult male (SAM30): The subadult male was tracked for 11 months when 
it was about 14 to 25 months old. The over all home range for all the 11 months 
SAM30 was 11.25 km (4.35 km )^. The range in summer, monsoon and winter were 
6.25 (2.41 km') 4.25 (1.64 km") and 10.75 (4.15 ') km respectively. 
During the winter and summer following release, the activity centres within the 
home range consisted of rocky stretches with feeding sites on either end. The home 
range in the first winter (Feb, 1991) accounted for 13.33% of the total home range 
where as it was 55.55% in summer (March to June, 1991), 37.77% in monsoon (July-
Oct) and 95.55% in second winter (Nov-Dec), Table 7.3. During this period the home 
range boundaries consisted of feeding and marking sites in the downstream in grid 46-
48 (km 170-172) and between grid 3-8 (km 162 to 163) in the upstream (Figure 7.5). 
The overall home range of SAM30 consisted of 2.0 km of rocky stretch, 6.25 km 
of back water marsh and bank with shoreline vegetation, 2.5 km of cultivated bank and 
0.5 km of open sand bank on the right bank. The left bank of the home range included 
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Table 7.3 Home ranges of smooth coated otters in National Chambal Sanctuary, 
based on 1048 radiolocations during 1990-1992. 
Age & Sex Range Length Area in km^ 
(km) 
Sub Adult Male (SAM30) 
Maximum 
Summer 
Monsoon 
Winter 
Juvenile Female (JFM50) 
Maximum 
Year 1 
(Mar. 1990-Feb. 1991) 
Year II 
(Mar.1991-Dec.1991) 
Summer 1 
Monsoon 1 
Winter 1 
Summer II 
Monsoon II 
Winter II 
11.25 
6.25 
4.25 
10.75 
7.00 
5.00 
7.00 
5.00 
2.25 
5.00 
6.50 
4.25 
7.00 
Juvenile Female and Juvenile Male (JFM7 & JM10) 
Maximum 
Summer 
Monsoon 
Winter 
Summer (March only) 
Adult Male' 
Adult Female with cubs* 
5.5 
1.5 
1.75 
4.00 
5.00 
17.00 
5.5 
4.35 
2.41 
1.64 
4.15 
2.71 
1.93 
2.71 
1.93 
0.87 
1.93 
2.51 
1.64 
2.71 
2.13 
0.58 
0.68 
1.55 
1.93 
6.57 
2.13 
* indicates nontagged otters based on sightings 
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2 km of rocky stretch, 8.75 km of open sand bank and 0.5 km of open clay bank 
(Figure 7.4). The overall home range area of the SAM30 was 4.35 km^, 2.41 km^ 
(55.40%) in summer, 1.64 km^ (37.70%) in monsoon and 4.15 km^ (95.40%) in winter 
(Table 7.3). 
7.3.2.3 Juvenile female and male (JFM7 & JM10): The juvenile female and male 
(JFM7 & JM10) were tracked together for 11 months when they were approximately 6-
17 months old. The overall home range for all the 11 months was 5.5 km (2.13 km^). 
The home range in the first summer following release was 1.5 km (0.58 km )^. It was 
1.75 km (0.68 km )^ in monsoon, 4.0 km (1.55 km )^ in winter and 5.0 km (1.93 km )^ in 
second summer (March 1992 alone) (Table 7.3). The overall home range of JFM7 & 
JM10 consisted of 2.00 km of rocky stretch, 3.0 km of back water marsh and bank with 
shoreline vegetation, 0.5 km of open sand bank on the right bank. The left bank of the 
home range included 2.00 km of rocky stretch and 3.5 km of open sand bank (Figure 
7.4). 
7.3.3 Habitat use 
7.3.3.1 Home range use Intensity: The overall home range was found to contain at 
least five, 250 metre grids of high use intensity (Kaufman, 1962) or centres of activity 
(Melquist and Hornocker, 1983), (Figure 7.5). Detailed characteristics of these five 
grids, (40, 42, 44, 45 & 46) used by all radioimplanted otters, are presented in 
Appendix IV. 72.24% of the total radiolocations were made on these grids. However 
these constituted only 11% of the total area of the home range length. They can thus 
be termed as 'core area' within the home range and provided den, grooming and 
foraging sites. 
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During the radiocontact period SAM30 used a maximum of 11.25 km stretch 
between 160 to 172 km, consisting of 45 grids. Figure 7.5 shows percentage of 
different grids used by otters in the intensive study site. Of these 45 grids, five (40, 42, 
44, 45 and 46) had more than 5% of the total locations. Thus these were areas of 
intensive use or centres of activity. Of these five grids, four (40, 42, 44 and 45) had one 
or more than one den. Of the remaining 40 grids, 19 to 38 and 46 and 48 were the 
foraging sites. Rest of the grids could have been used by otters as foraging sites or 
acted as corridors linking dens and foraging sites. Apart from these, a second patch 
between 160 to 165 km comprising of grids 3 to 8, provided potential den, resting and 
grooming sites. Grids 3 to 4 and 9 to 10 were potential foraging sites. 
7.3.3.2 Den sites: Nine den sites were located during the study period of which four 
were located with the aid of radiotelemetry and five without. Of all the dens, eight were 
in natural rock crevices and one was found to be dug by otters. The mean inter-den 
distance was 435.85 metres (S.E.M.=51.31, Range=25-950 metre, N=35)and the mean 
distance between two nearest dens was 117.85 metres (S.E.M.=44.94, Range=25-350 
metre, N=7). This shows that the distribution of dens was clumped and depended on 
the availability of potential den sites within the habitat. Except one, all dens were 
located on islands. 
7.3.3.3 Pattern of den use: Dens were observed to be used by otters only during 
September to March. There is no data for the remainder period. There was no evidence 
of a single animal using a den. All dens were shared by the family group. However an 
adult male was once observed in one den. Pups were seen during November-
December in dens 1, 2, 3 and 4 which could be termed as 'natal dens'. 
124 
• D 
k . 
O) 
*•> 
c 0) 
^ 
o 
»^ -
•^ 
Ti 
«^ -
o 
o 
O) 
(Q 
• * 
c 
o 
o 
0) 
Q. 
lO 
N. 
0) 
k . 
3 
o> 
LL 
(0 
^ 0) 
*-• 
*-• 
o 
•a 
<D 
4-» 
c (Q 
a 
F 
o 
TO 
k. 
>» 
^ 
•o 
O) 
CO 
D 
CO 
o 
C5 
(0 
c 
o 
o 
00 
-^ 
o 
• 
z 
pesn )uaojad 
Dens were important foci of activity, since most of the activities were seen close to 
dens, especially near natal dens. 
7.3.3.4 Foraging sites: On the basis of bank characteristics, foraging activity of otters 
and by visual observation, three types of potential foraging sites were identified: i) back 
water marsh ii) shallow (< 2m) pools and streams; and iii) rapids. The back water 
marshes were 1-3 m deep with reed beds. The productivity of these areas was greater 
than other areas. During sampling, at least 15 fish species were recorded from here 
and mean number offish/catch was 2.95 (minimum=1, maximum=5, N=20) (Chapter 
5). Females with pups and yearlings, and single otters were seen foraging in these 
areas. These acted as nurseries for rearing pups. Rapids were often extensively used 
as foraging sites. A large number of anadromous fish congregated here, especially 
Rhinomugil corsula, which was the principal diet of otters in NCS. Otters in groups were 
often seen fishing here in semicircles, moving upstream within 100 metres of rapids. 
Otters, singly or in groups were also seen foraging in shallow stream and pools along 
the bank. 
7.3.3.5 Habitat selection: The results of the Bonferroni confidence interval technique 
show that otters in the study area showed a significant preference for rocky stretches 
in all seasons. All other categories were largely avoided, except in summer when 
stretches with shoreline vegetation and marsh were used in proportion to their 
availability. Table 7.4. Marion and Rydler (1977) Habitat Preference Index shows that 
rocky river tracts were preferred strongly in all seasons while river stretches with bank 
side vegetation and marsh were preferred next (Table 7.5). 
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Plate 7.1 Den sites 
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Plate 7.2a Foraging site 
Plate 7.2b Grooming site 
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7.3.4 Activity pattern 
The overall activity pattern of otters was in the form of a bimodal curve, in which 
two periods of high activity were separated by a period of relative inactivity. The first 
active period started after midnight and continued till late morning (10.00 hours), 
followed by a 150 minutes of inactivity. Then there was a second active period which 
continued till midnight (Figure 7.6). In summer and monsoon the relative period of 
inactivity was distinctly clear with very little or no activity between 9.00 to 17.00 hours. 
However activity pattern during winter was trimodal, with peak activity period ranging 
between 06.00 to 08.00, 16.00 to 17.00 and 21.00 to 23.00 hours. Otters were more 
active all through the day in winter, Figure 7.6. 
7.3.4.1 Behavioural activity: Behavioural activity was recorded during 422 sightings 
made at the time of radiotracking of otters between March 1990 to March 1992. At least 
nine types of behaviour were identified. More than one type of behaviour were 
observed during each sighting. Thus a total of 561 behavioural activities were recorded 
(Table 7.6). These activities were observed during different months and at different 
times of the day. 
Travelling was recorded in 46% of the visual observations and it constituted 
34.6% of the otters activity. Travelling was often on land. Most travels were between 
den and foraging sites. Foraging was recorded during 20% of the visual observation 
period. Most of the foraging activities involved either probing along the water edge, 
singly or in groups or along rapids moving upstream in semicircles. Twice otters were 
observed attempting to catch blue rock pigeon {Columba livia) on land. 
129 
Table 7.4 Summary of the availability and use of different habitat types by otters in 
National Chambal Sanctuary 
WINTER 
Hab. Cat 
WINTER 
Clayey 
Sandy 
Rocky 
Shoreline veg. 
SUMMER 
Rocky 
Shoreline veg. 
Sandy 
Clayey 
MONSOON 
Rocky 
Shoreline veg. 
Rocky 
Clayey 
ANNUAL 
Rocky 
Shoreline veg. 
Sandy 
Clayey 
Rel. 
area 
0.230 
0.260 
0.380 
0.130 
0.230 
0.260 
0.380 
0.130 
0.230 
0.260 
0.380 
0.130 
0.230 
0.260 
0.380 
0.130 
Exp. 
usage 
0.230 
0.260 
0.380 
0.130 
0.230 
0.260 
0.380 
0.130 
0.230 
0.260 
0.380 
0.130 
0.230 
0.260 
0.380 
0.130 
Obs. 
use 
261 
58 
2 
0 
263 
109 
5 
2 
292 
32 
20 
4 
816 
199 
27 
6 
Bonferroni 95% 
conf. Interval 
0.761<pi<0.865 
0.129<pi<0.232 
0.000<pi<0.017 
0.635<pi<0.753 
0.229<pi<0.436 
0.000<pi<0028 
0.000<pi<0.015 
0.790<pi<0.888 
0.053<pi<0.131 
0.026<pi<0.089 
0.000<pi<0.026 
0.747<pi<0.747 
0.160<pi<0.160 
0.014<pi<0.014 
0.000<pi<0.000 
Concl. 
P 
A 
A 
P 
UIA 
NP 
NP 
P 
NP 
NP 
NP 
P 
NP 
NP 
NP 
P=used more than available, Preferred; NP=used less than its availability, not 
preferred); UIA=used in proportion of availability, neither preferred nor avoided 
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Table 7.5 Preference Index for different habitats 
Habitat 
(Riverbank) 
WINTER 
Rocky 
Shoreline veg. 
Sandy 
Clayey 
SUMMER 
Rocky 
Shoreline veg. 
Sandy 
Clayey 
MONSOON 
Rocky 
Shoreline veg. 
Sandy 
Clayey 
Availability* 
(Unit) 
0.23 
0.26 
0.38 
0.13 
0.23 
0.26 
0.38 
0.13 
0.23 
0.26 
0.38 
0.13 
Use (No.of 
locations) 
261 
58 
2 
0 
263 
109 
5 
2 
292 
32 
20 
4 
Ratio of 
use 
0.813 
0.180 
0.006 
0 
0.693 
0.287 
0.014 
0.005 
0.839 
0.091 
0.051 
0.011 
Pref. Index 
3.534 
0.692 
0.015 
0.000 
3.013 
1.103 
0.034 
0.038 
3.647 
0.350 
0.134 
0.084 
Availability was calculated from number of grids containing a 
particular habitat type. 
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Most of the grooming behaviour was self grooming, that included rolling on sand and 
often lasted for five to fifteen minutes, with intermittent dips in water and drying by 
rolling. Grooming activities were either in groups or singly but mutual grooming was not 
observed. Grooming was observed 147 times which constituted 35% of the total 
sightings and was the second most prevalent activity of otters. 
Marking by defecation and urination or otherwise, occurred mostly adjacent to 
dens, at grooming sites, along the usual travel routes and near the forging sites. 
Marking often occurred in groups while grooming or foraging. It appeared that marking 
by one individual induced this behaviour among other members of the group. Males 
sniffed and examined the area before marking. 
Resting behaviour was observed mostly during winter. Otters were seen sleeping 
on sand or on rocks adjacent to the entrance of dens, lying idle often gazing into the 
water. Play behaviour comprised 4.5% percent of the sightings. This included chasing 
each other on land or in water and wrestling by juveniles, while rest of the group were 
engaged in self grooming. 
Interspecific interaction was the most important behaviour observed in the 
resident adult male, which chased a large gharial (2.5-3.0 metre) on two occasions. 
Apart from this three yearlings were seen chasing two basking turtles {Kachuga 
kachuga) from their regular grooming sites. 
Of the seven observations of social behaviour, three involved transferring of 
young ones from one den to another; and the rest, sniffing each other when two or 
more otters of same size met. Digging was observed during evening hours in the month 
of November. Digging was observed to be done by one otter of the group while the rest 
were engaged in auto grooming. Evidences of digging silt from natural caves were 
detected in October, which is the littering season, but it was never observed directly. 
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Table 7.6 Types of behaviour recorded during 422 observations 
Types of 
behaviour 
Travelling 
Grooming 
Foraging 
Marking 
Resting 
Playing 
Social 
Territorial 
Digging 
Total 
Occurrence 
194 
147 
83 
89 
16 
19 
7 
3 
3 
561 
Percent* 
34.60 
26.20 
14.80 
15.90 
2.85 
3.38 
1.24 
0.53 
0.538 
Percent" 
46.00 
34.83 
19.70 
21.10 
3.80 
4.50 
2.87 
0.71 
0.71 
a: percentage based on 561 identified types of behaviour 
b: percentage based on 422 sightings 
7.3.5 Coexistence with other species 
7.3.5.1 Density of crocodilians: Table 7.7 summarises the number of gharial 
{Gavialis gangeticus) and muggers {Crocodylus palustris) seen during the intensive 
study period at the radiotracking study sites between km 160 to 175. Both gharial and 
mugger populations In the Intensive study site were found to be Increasing at the rate 
of 4% percent per annum (Hussain, 1990). There was no increase in group size of 
otters or in the number of dens, although breeding was observed during the entire 
study period. This indicates that otter population at the intensive study site had perhaps 
stabilized. 
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substrata respectively. Sandy and rocky substratums were extensively being used by 
otters for grooming and marking. 
Analysis of 25 mugger scats collected during November through April, 1990 
revealed that 93% of the muggers' diet consisted of fish, 3% birds, 2.55% turtles and 
1.5% invertebrates like crab and insects. Of the fish diet, 74% composed of unidentified 
Cyprinidae, 22% unidentified Bagaridae and 4% unidentified fish. The gharial is 
reported to be an exclusive fish eater (Bustard, 1984) preferring lesser carps. Along 
Chambal, gharials eating catfish {Mystus spp.) was observed thrice. Figure 7.7 shows 
diet of otters and muggers in the intensive study site. There is no comparable data on 
feeding habits of gharial. 
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7.4 DISCUSSION 
Any assumption that the effect of carrying a transmitter package does not modify 
the behaviour of a free ranging animal is dangerous one. Such an assumption may be 
justifiable in the case of larger species but, where smaller animal are concerned, it is 
prudent to look for signs of adverse effects, and evaluate them where possible (Birks 
and Linn, 1982). In this study no abnormality in the behaviour of the instrumented otters 
was observed. 
Within Zone 4 (Chapter 4), sites other than the intensive study site, where dens 
were located are 130, 115 and 110 km which were 40, 55, and 60 km away from the 
intensive study site. During the study no movement to these areas by instrumented 
otters was recorded. Hence all movements recorded during the study were largely 
movements between dens and foraging sites. Sanderson (1966) has identified three 
broad types of movements in animals; i) Extension of a species range into formerly 
uninhabited areas ii) seasonal movements and iii) daily movements during the act of 
food gathering. Dispersal is the process by which an animal moves from its birth place 
to another locality (Storm etal., 1976). Melquist and Hornocker (1983) reported that in 
Idaho river otters dispersed in April-May at 12-13 months of age. In this study the 
subadult male at the time of last radiocontact was approximately 26 months old. The 
maximum distance travelled by this otter was 7,500 metres in December, a few days 
before the last radiocontact. This could have been the initiation of dispersal. 
During the first tracking year the juvenile female JFM50 did not show correlation 
between mean distance moved and month after release. This was because they were 
dependant on the mother and the distance moved was smaller. However in the second 
year significant correlation was found between mean distance travelled between 
consecutive day locations and month after release. In the second year this otter was 
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less dependant on the mother and her movements increased with its age. In case of 
JFM7 and JFM10 it was clearly evident that as their age increased there was significant 
increase in the mean distance moved between consecutive day locations. In the case 
of subadult male, no correlation was found in the mean distance travelled between 
consecutive day locations. 
The movement of otters, as revealed in this study, is greater in summer than in 
winter or monsoon. In winter the diversity of prey species of otters was greater than 
summer or monsoon, (Chapter 5). In this study it appears that food probably exerted 
the greatest influence on frequency of movements, as is the case with Lutra canadensis 
(Melqulst and Hornocker, 1983). During winter (November-December), young ones 
were born or they were small (Chapter 8). This restricted the movement of the family 
groups. The distance travelled by an animal during one activity period is of great 
biological significance (Reeve, 1982). Distance travelled, combined with accessory data 
such as speed, time spent in various activities (e.g. foraging), and differential use of the 
habitat types within the range, can be used to provide the basis for further 
investigations into such fields as foraging strategies and ecological energetics (Revee, 
1982). 
The relationship between the extent of movement and den distribution within the 
home range and habitat use, points towards the importance of den sites as a 
prerequisite for suitable otter habitat, as in the case of mink (Birks and Linn, 1982). 
Areas with fewer dens would clearly involve more extensive travel and therefore greater 
risk and energetic cost than an area well supplied with dens. In a study in Perthsire, 
Scotland, Green et al. (1984), found that 91% of the dens were natural cavities, while 
in this study it was found that 89% .of the dens were natural rock cavities. The smooth 
coated otter tends to dig its own den (Desai, 1974), but loose alluvial soil and adjacent 
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marsh make it difficult to dig dens tliat could be used for a long period. Therefore most 
of the dens along the Chambal were natural rock cavities. 
The distance travelled by other otter species is more than in the present study 
(e.g. Eriinge, 1967; Melquist and Hornocker, 1983; Green etal., 1984). There are many 
factors that influence home range size and movement of animals within it. Prey 
availability, habitat, weather conditions, topography, reproductive cycle and conspecifics 
influence home range. Among sex and age class, males range more widely than 
females and home ranges of adults are longer than that of juveniles, except when 
young ones are travelling with females. Home range size can also vary with the age of 
individuals (Ralph and Pearson, 1971) and with seasons (Brown, 1966). The range size 
of an adult male in the present study was larger than the subadult, and though the 
range overlapped extensively they were significantly different from one another. Among 
adult females, the primary determinant of home range and territory size seems to be 
access to food (Mace et al., 1983). Female home ranges tend to be determined by 
availability of food, shelter and water (Brown, 1966), while male home ranges were 
subject to sexual selection for increased access to females and their home ranges were 
almost invariably larger since they must encompass those of several females 
(Eisenberg, 1966). Strong site attachment for activity centres probably was also a 
reason for the existence of otter home range in the study area. This was also evident 
during the capture programme. Even though otters were captured or escaped from the 
traps several times, they returned to same sites within 8 to 10 days. 
Home range shape in river otters is determined by drainage pattern (Melquist 
and Hornocker, 1983). In the present study the estimated home range length and area 
are less than that of Eurasian otter, in Perthshire, Scotland; and Northern river otter in 
Idaho (Melquist and Hornocker, 1983) but larger than those of Eriinge (1967) in 
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Table 7.8 Comparison with the home range (km) of other otter species 
Size class 
of otters 
Juvenile 
Yearling 
Adult Male 
Adult female 
Family group 
River 
otter 
Idaho 
31.8 
49.0 
50.0 
44.3 
34.0 
European 
Perthshire 
-
20.0 
39.1 
16.0 
22.4 
otter 
Sweden 
-
-
15.3 
4-6 
10-12 
This study 
Size class 
Juv. female 
Juv. male 
Subad male 
Subad female 
Ad. male 
Ad. female 
Female with 
cubs 
5-5.5 
5.5 
11.25 
7.00 
17.00 
ND 
5.5 
Otters showed preference for rocky stretches throughout the year intermittently 
using tracts with shoreline vegetation and marsh as foraging sites. The regular 
movement between these two types of stretches suggests that perhaps the prey 
population in these areas got temporarily depleted, disturbed orothenA i^se less available 
to otters. 
In a study along the Shetland coast Kruuk et al., (1989) reported that there was 
strong positive association between holts and peats and holts and fresh water, 
Indicating that habitat selection largely depend on the requirements of otters either for 
food, den sites or fresh water as in case of coastal otters. It is evident from this study 
that the habitat selection by otters along Chambal river largely depends on the 
availability of den sites which are mainly restricted to the rocky stretches. Since rocky 
stretches are found only in patches and are under pressure (Chapter 4), this has made 
the habitat sub-optimal. Habitat must provide adequate shelter in addition to sufficient 
food if it is to be used by otters (Melquist and Hornocker, 1983). Otters along the 
Chambal river used banks with shoreline vegetation in proportion to their availability 
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especially in summer when the distance travelled between consecutive day locations 
is greater. This indicates the importance of shoreline vegetation to otters which act as 
cover. From the management point of view rocky stretches and banks with shoreline 
vegetation need special attention. 
The results of the study also show seasonal variation in some aspects of the 
home range behaviour. The evidence points towards a general reduction in the level 
of activity in winter, relative to summer. In winter, stays at the dens are longer and 
distances travelled are shorter. Otters were active throughout the daytime in winter and 
largely inactive in summer. 
The activity rhythms of otters may be influenced by numerous factors such as 
periodicity resulting from physiological changes (Melquist and Hornocker, 1983; 
Sollberger, 1965), synchrony in diel activity between predator and their prey (Gerell, 
1969; Melquist et al. 1981 in mink, and Abies, 1969 in red fox Vulpus fulva). In this 
study the activity of otters was greater during crepuscular period or at night 
synchronizing with the activity of fish. In the light of otters rapid gut passage time 
(Mason and Macdonald, 1986) one might expect periods of inactivity between foraging 
bouts. However this was not observed. The otters were mostly inactive throughout the 
day in summer. This indicates that apart from the availability of prey, other 
environmental factors such as temperature and anthropogenic factors such disturbance 
influence activity pattern. 
From the behavioural activity recorded during the telemetric study it was difficult 
to conclude the importance of these activity to otters. Travelling and grooming were the 
most prevalent activities recorded during 422 sightings. Grooming was recorded as the 
second important activity of otters as it plays important role in the physiology. It 
increases insulation and blood circulation, decreases heat loss and helps in maintaining 
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general health of otters. In a study along the Shetland coast Nolet and Kruuk (1989) 
found that compared to sea otter, Eurasian otters spent upto 4.5 times less time per 
day hunting but devoted the same time per day to grooming. Foraging was found to be 
the second prevalent activity but this appears to be biased as otters were often 
nocturnal. 
Habitat and diet of otter overlapped with mugger and gharial, however no threat 
through interspecific competition was visualized. The degree of overlap in the utilization 
of fish may not be critical as the food supply in the Chambal river appears to be 
abundant. Interaction with other aquatic fauna such as crocodiles and turtles illustrate 
the behavioural flexibility, adaptive ability and positive selective significance of this 
species (Hornocker et al., 1983). 
7.5 SUMMARY 
Four otters of different age and sex class were captured in the wild using 
Tomahawk live traps and Leghold traps, immobilized with a combination of ketamine 
and xylazine hydrochloride, radioimplanted and released at capture sites. Instrumented 
otters were monitored for 11-22 months from land and water. Locations were made on 
1:50,000 topo sheets with 250 m grids. 
Movement pattern was examined from the distance travelled between 
consecutive day locations; range length was estimated from the total length of river 
stretch used by instrumented and non instrumented otters and range area was 
calculated from range length and mean width of the river in dry seasons, habitat use 
was deternnined by comparing habitat availability and utilization. Activity centres were 
defined as areas with more than 5% of locations. 
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There was significant variation in movement pattern between seasons. It was 
greater in summer than in winter or monsoon. Movements were largely restricted 
between dens and foraging sites. Most of the movements were between 250-1500 
metres. The maximum distance travelled between consecutive day location was by a 
sub adult male (7500 m). 
Home range of male was larger than female. The juvenile home range was equal 
to adult female with cubs. Availability of den and foraging sites appears to influence 
home range. Dens were important foci of activity, used by family groups from 
September to March. Eighty nine percent den sites were in natural rock cavities. 
Otters in the study area showed greater prefel"ence for rocky stretches in all 
seasons. Stretches with bank side vegetation and marsh were used in proportion to 
their availability especially in summer. Open clayey and sand banks were largely 
avoided. 
Activity pattern of otters in the study area was in the form of a bimodal curve in 
which two period of high activity were separated by a period of relative inactivity. In 
summer the relative period of inactivity is greater than other seasons whereas during 
winter otters were more diurnal. 
Travelling and grooming were the most prevalent activities recorded during 422 
sightings. Foraging was recorded as the second important activity of otters. Habitat and 
diet of otters overlapped with mugger and gharials, however no threat through 
interspecific competition was visualized. 
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CHAPTER 8 
GROUP SIZE, GROUP ASSOCIATION AND BREEDING 
8.1 INTRODUCTION 
Most, if not all, animals spend a part or all of their lives in groups (Pullium and 
Caraco, 1984). A group is any set of organisms, belonging to the same species, who 
remain together for a period of time interacting with one another to a distinctly greater 
degree than with other conspecifics (Wilson, 1975). The size of such groups varies 
through time, and such fluctuation may or may not track environmental periodicities 
(Pullium and Caraco, 1984). Two of the most important selechVe advantages of living 
in a group are increased protection from predators and increased likelihood of finding 
or capturing food (Krebs and Davis, 1987). Apart from this, living in groups helps in the 
rearing of the young ones, facilitates mating, increases foraging success, provides 
protection from inclement weather, and increases swimming efficiency. Group size 
increases through birth and immigration from outside the group, and death and 
emigration reduce it. 
The social organisation of a species is the result of interacting requirements of 
the species for survival and the restrictions imposed on it by its environment. These 
include food availability and predation (Hillman, 1979). Sociality in otters is greater than 
has been reported for other mustelids (Melquist and Hornocker, 1983). The smooth 
coated otter is reported to live in small groups (Pocock, 1949; Prater, 1971; Mason and 
Macdonald, 1986), but nothing is known about its group size, structure and 
composition. This section contains a description of the group size and its structure in 
the study area. 
8.2 METHODS 
During the radiotracking period, whenever otters were located their group size, 
structure and composition were recorded. On the basis of their size, otters were 
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classified into juvenile, sub adult and adult. The sex of the individuals were also 
recorded whenever possible. Information on the breeding schedule was collected from 
the 155 km stretch of the study area (km 20-175) by checking dens all through the 
year. Information on litter size was collected from the intensive study site and from 
other stretches along the Chambal by conducting surveys during February and March, 
which is the weaning season of pups. 
8.3 RESULTS 
8.3.1 Frequency of sightings 
During the radiotracking period 422 sightings of otters were made. The group 
size was found to vary from 1 to 9 (Mean=4.62. S.E.M.=0.11). Of the total 422 
sightings, 39 (9.2 %) were of lone otters and only one (0.2%) was of 9 otters. Groups 
of 3 otters were seen 74 times (17.5%) followed by group sizes of 4 (14.5%), 8 (14.0%) 
and 7 (13.3%) respectively (Figure 8.1). Large group size was seen most frequently in 
monsoon followed by summer and winter. 
8.3.2 Variation between years 
The mean group size was 4.62 (S.E.M.=0.11, Minimum=1, Maximum=9, N=422, 
in the first year (March, 1990 to February, 1991) it was 4.78 (S.E.M.=0.18, Minimum=1, 
Maximum=9, N=116) and 4.58 (S.E.M.=0.14, Minimum=1, Maximum=8, N=300)inthe 
second study year (March, 1991 to February, 1992). The mean group size was similar 
between two study periods (M-W U=16394.0, W=25192.0, Z=-0.9230, P=0.3560). 
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8.3.3 Variation between months 
The monthly group size varied considerably (Figure 8.2) and was lowest in 
November and December 1991 (Mean=2.50, S.E.M.= 0.62 & 0.47, Minimum=1, 
Maximum=5 & 7, N=12 & 14 in November and December respectively) and highest in 
July, 1991 (Mean=6.74, S.E.M=0.38, Minimum=3, Maximum=8, N=14). The mean group 
size varied considerably between months in the two study periods (W-W test, Z=-
1.1767, P=0.2393) (Figure 8.2). 
8.3.4 Variation between seasons 
The mean group size was highest in monsoon (Mean=5.10, S.E.M.=0.23, 
Minimum=1, Maximum=8, N=132) and lowest in winter (Mean=4.02, S.E.M.=0.13, 
Minimum=1, Maximum=8, N=158) (Figure 8.3). The mean group size varied 
considerably in different seasons (K-W test. Chi-square corrected for ties=15.788, 
P=0.0004) 
8.3.5 Group association 
In the 422 sightings, nine types of solitary and group associations were found. 
The basic group consisted of a female and her offspring. The duration of the group 
association remained all through the year. Family groups were seen associated with 
the resident adult male. This male was sighted throughout the year in the intensive 
study stretch. Groups composed entirely of juveniles were never observed except in the 
case of JFM7 & JM10 when they remained together for two months. This was perhaps 
a change in behaviour with conspecific following capture. Siblings often remained 
together following separation from the family group but occasionally joined the family 
group. Associations between two family groups were not obsen^ed. Table 8.1 summarises 
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nine types of possible group associations in smooth coated otters in the study area. 
After release the juvenile female (JFM50) joined the family group and remained 
with it till April 1990, when it was seen with two untagged otters that appeared to be its 
siblings. Following April, it was occasionally seen with the family group. In the 
subsequent winter (November, 1991) it was seen with the sub-adult male (SAM30) and 
an untagged otter till the last radio contact. The SAM30 joined the family group within 
90 minutes following release (February, 1991) and remained with it till November 1992. 
During winter (November-January) It was either seen singly, with JFM50 or occasionally 
with another untagged otter of the same size. The Juvenile female and male (JFM7 & 
JM10) joined the family group two months after release and remained with it till the last 
radiocontact. 
8.3.6 Breeding schedule and Litter size 
There is no data on the breeding behaviour of otters in the study area. However 
pups were seen while the mother transferred them from one den to other during 
November and December. Pups with mothers were seen from early February to 
September. Smooth coated otters are monoestrus and it is estimated that young ones 
are born not later than November. No evidence of females being disassociated with 
pups was observed in the first year after birth. The mean litter size observed in the 
study area was three (S.E.M=0.21, minimum=2, maximum=4, N=7). 
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8.4 DISCUSSION 
In order to analyze carnivore social behaviour, one must first classify functional 
aspects of group living in terms of what general behaviour is being performed 
(Gittleman, 1989). Gittleman (1989) identified four types of grouping among carnivores. 
Population groups i.e individuals sharing a common home range area; feeding groups 
i.e individuals sharing the same food resources at a given time; foraging groups i.e 
individuals banding together while searching for food or hunting; and breeding groups 
i.e individuals forming a reproductive unit. Population, feeding, and foraging groups are 
similar for most carnivores, at least with regard to the number of adult individuals in the 
group (Gittleman, 1989) 
The smooth coated otter in the study area appears to be more social than 
European (Lutra lutra) and American {Lutra canadensis) otters which are more solitary 
(Green et al., 1984; Melquist and Hornocker, 1983). The parent - offspring group 
associations was found to be the most common In the study area. Pups were born 
round November and if they weaned after 130 days (Desai, 1974), they were expected 
to be seen with mothers in February - March. Thus during summer it was expected that 
the group size should increase, but this did not happen. The group size was higher in 
monsoon than in summer. In monsoon most of the den sites got submerged which 
perhaps enhanced group cohesion and increased the group size. In winter the group 
size was lower than in summer and monsoon. Winter is the time when females litter. 
Even though it was not observed, it appears that during this time the older offsprings 
separated from the family group or dispersed. Melquist and Hornocker (1983) reported 
that in American river otter dispersal occurs during littering season, ensuring the 
isolation of pregnant females during parturition and postpartum period. Hence the 
smaller mean group size in winter compared to summer and monsoon. 
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Desai (1974) reported that captive male smooth coated otter joined the family 
group after weaning and assisted in feeding. If this also happens in wild, then the male 
smooth coated otter is more social than European and American otters. It has also 
been observed that otters in the study area formed groups while foraging. From these 
observations it can be concluded that group living in smooth coated otter is largely due 
to kin-related effects (Gittleman, 1989) and probably for the advantages in exploitation 
of food resources and better forging efficiency. 
Desai (1974) reported that in captive smooth coated otter mating occurs in 
August, littering in October and weaning 130 days after birth. In the study area, pups 
were seen with mothers from February to August-September. Pups were observed in 
dens during November and December. From these observations it appears that littering 
may have occurred during late October or early November. If the mean gestation period 
is of 62 days as reported by Desai (1974), mating in the study area must have also 
occurred during late August or early September. 
The timing of reproduction may be geared to feeding conditions as is the case 
in Lutra lutra (Kruuk et al., 1987). Food availability was highest during winter 
(November-February), to meet the energy requirements of lactating females. By the 
onset of monsoon in July, which appears to be the period of stress for otters, cubs 
were able to hunt fish. The mother expended less energy in supporting them and 
prepared for breeding again. 
The mean litter size as observed in this study (Mean=3) was higher than 
reported for other species, 2.4 for American river otter (Melquist and Hornocker, 1983) 
and 1.8 for European otter (Kruuk et al., 1987). Desai (1974) reported that litter size in 
captivity was two to five. Thus the mean value obtained from this study is in general 
agreement with that from captivity. 
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8.5 SUMMARY 
The group size varied from 1-9 (mean=4.62). The overall group size was similar 
between two study period, however It varied considerably between months and 
seasons. Group size was maximum in monsoon and minimum in winter. 
The basic family group consisted of adult female and her offspring. Smooth 
coated otter in the study area appeared to be more social than that was reported for 
other otter species. In the Chambal valley mating occurred in August-September and 
littering in November-December. The mean litter size was three. 
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CHAPTER 9 
MANAGEMENT IMPLICATIONS 
9.1 INTRODUCTION 
This chapter discusses management implications of the present study in relation 
to the National Chambal Sanctuary as well as on a national perspective. While 
discussing management strategies in context to NCS, an attempt has been made to 
integrate the management implications generated during previous studies (Singh, 1985; 
Rao, 1990; Hussain, 1990; Hussain and Choudhury, 1992) carried out by the Wildlife 
Institute of India. 
9.2 Implications in relation to National Chambal Sanctuary 
Although the National Chambal Sanctuary was created in 1978, a comprehensive 
management plan for the Sanctuary has so far not been developed due to lack of 
adequate biological information on aquatic species. Since 1984, the Wildlife Institute 
of India undertook several research projects in the NCS so that enough comprehensive 
biological and ecological information on different species could be gathered, based on 
which an integrated aquatic species management programme for the Sanctuary could 
be developed. 
The Sanctuary was primarily created for the conservation of gharial Gavialis 
gangeticus. The present gharial population in the Sanctuary is around 820-982 
individuals of different age and sex, of which 65 were breeding females, 15 adult 
males and around 30 non breeding males and females (Hussain, 1990). Since the 
gharial restocking programme in 1979, gharial nesting has increased from 11 to 65 
nests (Hussain, 1990). 
One of the major objectives of this research project was to identify critical 
habitats of aquatic mammals based on their distribution and abundance vis-a-vis other 
major aquatic species. During this study it was observed that most of the otter 
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population was restricted between 20-175 km stretch. Sixty five percent gharial nests 
were also recorded from this stretch (Hussain, 1990). Apart from this around 25% 
Gangetic dolphin {Platanista gangetica) population was found between 120-195 km 
stretch (Hussain and Choudhury, 1992). In this stretch habitat of otters overlapped 
extensively with gharial, mugger and partly with Gangetic dolphins. 
Three critical stretches in the Sanctuary have been identified, between 1) 25-175 
km, 2) 205-250 km and 3) 350-390 km. Of these the first stretch is important for the 
conservation of otters and as well as for gharials. The other two stretches are important 
for gharial as well as for dolphins. These areas need special management inputs, 
especially adequate protection from anthropogenic factors. Adjoining areas of the 
critical stretches have significance conservation values as they acts as biological buffer 
zones and corridors for movement and dispersal. 
During this study, a 25 percent decrease in the positive sites for otter activity was 
recorded between 1988 and 1992. This may be due to increased anthropogenic 
activities in the Sanctuary (Chapter 4). Hence regular monitoring of the otter population 
is required to detect any change in population. 
As shown during this study otters are restricted to rocky stretches and availability 
of den and foraging sites influence their habitat use. Most of the den sites were located 
In rocky caves and crevices (Chapter 7). These sites need protection from mining, 
quarrying and other biotic disturbances such as fishing and grazing. 
Fish is not a limiting factor in the NCS. However, illegal fishing should be 
controlled as it has caused mortalty of dolphins in some part of the Sanctuary (Hussain 
and Choudhury, 1992) 
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9.3 Management implications in context of National perspective 
Even though the smooth coated Indian otter has a wide distributional range in 
the Indian sub-continent, no study on its ecology has so far been undertaken. The 
present study was the first attempt in this direction. It intended to help in devising 
suitable management techniques based on its biological and ecological requirements 
for its improved conservation in the sub-continent. 
Although there is little information on the status of otter populations, there seems 
to have been a rapid decline due to loss of habitat and intensive trapping. Neither is 
there any information available on the degree and extent of loss of otter habitat in the 
country nor has any attempt been made to asses this. Other than legal protection 
through the Wildlife (Protection) Act, 1972, no active conservation management strategy 
has been developed so far and otters are still being persecuted in most of their range. 
Before taking any action to conserve an otter species it is essential to obtain best 
possible estimates of its distribution and population (Macdonald, 1990). As otters are 
secretive, thinly distributed and largely nocturnal, the distribution and abundance of their 
population is difficult to assess and a reliable census technique for otters has so far not 
been standardised. 
For these reasons surveys are the initial step in designing appropriate 
conservation programmes. It is now widely accepted that given manpower and financial 
support, field surveys can provide the most accurate and objective results on otter 
distribution (Macdonald, 1990). They can also indicate the relative status of a species 
within a country or region. Field surveys based on standardised methodologies can be 
replicated at intervals, in order to assess changes in status and distribution over time. 
Since otters are semi aquatic species, with some understanding of the specific features 
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of the wetlands that are utilized by them, it is possible even during brief field surveys, 
to estimate the quality of habitat at different sites (Mason and Macdonald, 1986). 
In this study, an attempt was made to replicate otter survey techniques that were 
developed for European otter (Mason and Macdonald, 1986), in an Indian context. This 
method was tried during 1988 to assess the initial otter population along the Chambal 
river and later in 1992 to examine any possible changes after four years. This survey 
method can be extended to other parts of the country to get an overview of the status 
of otters and their habitat in the country. As a primary activity this method has been 
initiated by the Madhaya Pradesh Forest Department to assess the otter population in 
National Chambal, Ken and Son Gharial Sanctuaries. Initially this method can be used 
to assess the otter population in the protected areas of India by the respective forest 
departments and later it can be extended to the entire country on 50x50 km grids, so 
that a detailed distribution of the species and their potential breeding 
habitats/population/sites could be identified. In the second stage these sites can be 
linked with the existing protected area network or can be declared as new protected 
areas not only for the conservation of otters but also for other associated wetland 
fauna. 
Though identification of potential otter habitats will help in conserving this 
species, it will not be worthwhile unless we know the factors that limit its distribution 
and the factors that are responsible for the decline in population. No single factor is the 
sole cause of decline and at present a number of adverse influences may be militating 
against the return of the otter (Mason and Macdonald, 1986). Nevertheless, availability 
of den sites and prey availability are two prerequisites for a healthy otter population. 
Management inputs have to be intensified to protect and conserve these sites. 
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As evident in tliis and most otiier studies, natural caves among rocks, holes on 
the river bank, cavities amongst the tree roots and shoreline vegetation are the most 
favoured places where otters take shelter and breed. Such sites along the river bank, 
reservoirs and lakes should be protected. Some positive measures in this regard are 
immediately needed for the National Chambal Sanctuary. Stone quarrying and 
indiscriminate woodcutting adjacent to the river bank or water edge should be banned 
Immediately, not only along the Chambal but also in other parts of the country. 
As obvious from this and several other studies conducted elsewhere, the smooth 
coated and the Eurasian otters are largely piscivorous. Unlike mammals, fish must be 
available throughout the year if otters are to remain as pemnanent residents in an area 
(Melquist and Honrocker, 1983). Hence it is essential to ensure or restore adequate fish 
populations in all the existing otter habitats. Otters mostly eat fish of very little 
commercial value and it is wrong to believe that otters deplete fish populations. 
Errington (1946) concluded that most predators have little depressive influence on prey 
populations. It is likely that pressures on fish populations are largely due to 
anthropogenic factors. If so then such factors need to be controlled so that fish 
populations in the major otter habitats can be restored. 
Large home ranges are likely to be characteristics of otter, whatever be the level 
of productivity, at least in fresh water conditions where the habitat is linear. Along the 
Chambal river the otter population is confined largely to the upstream stretch between 
20-175 km. Nevertheless, habitat in this area is patchy and the population has been 
broken into fragments. Prevalence of human activity may not have direct impact on the 
otter population but indirect or anthropogenic factors such as fishing, mining, wood and 
grass cutting and other related activities might pose threats for the long term survival 
of this species. 
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No protected area has so far specifically been set up for the conservation and 
management of otters in India. The present network of Protected areas in India has not 
given adequate attention to riverine and wetland habitats and to their obligate species 
(Rodger and Panwar, 1990; Choudhury and Hussain, 1992). Otters being an obligate 
species, their future and continued survival depends on well pfotected wetland habitats 
free from detrimental factors. 
Setting up of protected areas, controlling pollution in riverine and other wetland 
habitats, human induced disturbance factors and alienation of riverine habitats are all 
possible conservation measures. Active conservation measures in the form of increased 
field oriented research, ex situ conservation actions through captive breeding, 
evaluation of otter introduction and reintroduction and developing aquatic species 
management protocols are the urgent need for conservation. Providing alternatives to 
fishermen and trappers through sustainable development projects to reduce pressure 
on wetlands and creating public awareness needs special attention. 
9.4 SUMMARY 
Three critical areas have been identified which need management attention. It 
is suggested that the management activities such as monitoring of populations of otter 
and other aquatic fauna such as gharial, mugger and dolphins should be carried out 
regularly in NCS and restrictions on cultivation, grazing and mining along the banks 
should be imposed. A country wide survey has been proposed to asses the status of 
otter populations and to identify viable breeding population and habitats. Based on 
which the present network of protected areas could be linked. Providing alternatives to 
fishermen and trappers through sustainable development projects to reduce pressure 
on wetlands and creating public awareness need special attention. 
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APPENDICES 
APPENDIX I 
SOME IMPORTANT FAUNA OF NATIONAL CHAMBAL SANCTUARY 
AQUATIC 
Family: Crocodiiidae 
1. Gavialis gangeticus 
2. Crocodylus palustris 
Family: Trionychidae 
3. Aspideretes gangeticus 
4. Chitra indica 
5. Ussemys punctata 
Family: Emydidae 
6. Kachuga kachuga 
7. Kachuga Dhongoka 
8. Kachuga tentoria 
9. Harden thurjii Family: Platanistidae 
10. Platanista gangetica 
Family: Mustelidae 
11. Lutra perspicillata 
TERRESTRIAL 
Family: Canidae 
12. 
13. 
14. 
15. 
Canis aureus 
Hyaena hyaena 
Canis lupus 
Vulpes bengalensis 
Family: Felidae 
16. Panthera tigris 
17. Panthera pardus 
18. Felis chaus 
19. Felis caracal 
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Family: Ursidae 
20. Mellivora capensis 
21. Melursus ursinus 
Family. Viviridae 
22. Viverricula indica 
Family: Herpestidae 
23. Herpestes edwardsi 
24. Herpestes aumpunctatus 
Family: Sciuridae 
25. Funambulus pennanti 
Family: Hystricidae 
26. Hystrix indica 
Family: Muridae 
27. Bandicota indica 
28. Rattus rattus 
29. Mus musculus 
Family: Reropidae 
30. Pteropus giganteus 
31. Rousettus leschenaulti 
Family: Leporidae 
32. Lepus nigricollis 
Family: Antilopinae 
33. Gazelle gazelle 
34. Antilope cervicapra 
35. Boselaphus tragocamelus 
Family: Cervidae 
36. Cervus exis 
37. Cervus unicolor 
Family: Suidae 196 
38. Sus scrofa 
Family: Cercopithecidae 
39. Macaca mullata 
40. Presbytis entellus 
Family: Manidae 
41. Manis crassicaudata 
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APPENDOC H 
FISH F/ ATIONAL CHAMBAL SANCTUARY 
Family: Clupeidae 
1. Gudusia chapra 
2. Gudusia godanahiai 
Family: Notopteridae 
3. 
4. 
Notopt-^"^"- ila 
Notopi ^teru 
Family: C^^ jae 
5. 
6. 
0. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
Barilius tola 
Chagunius chagunio 
Chei-' atpar 
Dus mrigala 
.abeo calbasu 
Labeo dero 
Labeo rohita 
Osteobrama cotio 
Oxygaster bacaila 
Puntius chola 
Puntius sarana 
Rasbora daniconius 
Tor tor 
Lepidocephalichthys guntea 
Nemacheilus botia 
Family: Siluridae 
20. 
21 
Ompok bimaculatus 
Waflago attu 
Family: Bagridae 
22. Mystus seenghala 
23. Mystus tengara 
24. Rita rita 
Family: Sisoridae 
25. Bagarius bagarius 
Family: Belonidae 
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26. Xenetedon cancila 
Family: Mugilidae 
27. Rhinoumugil corsula 
Family: Ophiocephalidae 
28. 
29. 
Channa punctatus 
Channa marulius 
Family: Centropomidae 
30. Chanda nama 
Family: Nandidae 
31. Nandus nandus 
Family: Anabantidae 
32. Anabas testudineus 
33. Colisa chuna 
Family: Mastacembelidae 
34. Mastacembelus armatus 
35. Mastacembelus pancalus 
36. Mastacembelus aculeatus 
Family: Gobiidae 
37. Glossogobius giuris 
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APPENDIX - III 
WETLAND BIRDS OF THE NATIONAL CHAMBAL SANCTUARY 
I. FAMILY PODICIPEDIDAE (Grebes) 
III. 
IV. 
VI. 
1. Great crested grebe 
2. Little grebe 
FAMILY PELICANDAE (Pelicans) 
3. Rosy or white pelican 
4. Spotbilled pelican 
5. Dalamation pelican 
FAMILY PHALACROGORACIDAE 
6. Cormorant 
7. Indian shag 
8. Little cormorant 
9. Darter 
Podiceps cristatus 
Policeps ruficollis 
Pelecanus onocrotalus 
Pelecanus philippensis 
Pelecanus philippensis 
crispus 
(Cormorants, Darter) 
Phalacrocorax carbo 
Phalacmcorax fuscicullis 
Phalacrocorax niger 
Anhinga rufa 
FAMILY ARDEIDAE (Herons. Egrets. Bitterns) 
10. Grey heron 
11. Purple heron 
12. Pond heron 
13. Cattle egret 
14. Large egret 
15. Small egret 
16. Little egret 
17. Indian reaf heron 
18. Night heron 
19. Little bittern 
20. Bittern 
FAMILY CICONIDAE (Storks) 
21. Painted stork 
22. Openbill stork 
23. Whitenecked stork 
24. Black stork 
25. Blacknecked stork 
Ardea cinerea 
Ardea purpurea 
Ardeola grayii 
Bubulcus ibis 
Ardea alba 
Egretta intermedia 
Egretta garzetta 
Egretta gularis 
Nycticorax nycticorax 
Ixobrychus minutus 
Botaurus stellaris 
Mycteria leucocephala 
Anastomus oscitans 
Ciconia epsicopus 
Ciconia nigra 
Ephippiorhynchus asiaticus 
FAMILY THRESKIORNITHIDAE (Ibises. Spoonbiin 
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26. White ibis 
27. Black ibis 
28. Glossy ibis 
29. Spoonbill 
VII. FAMILY PHOENICOPTERIDAE (Flemingos) 
30. Lesser flemingo 
Threskiomis aethiopica 
Pseudibis papillose 
Plegadis falcinellus 
Platalea leucomdia 
Phoeniconaias minor 
VIM. FAMILY ANATIDAE (Ducks, Geese) 
31. Greylag goose 
32. Barheaded goose 
33. Ruddy shelduck 
34. Common shelduck 
35. Pintail 
36. Common teal 
37. Spotbilled duck 
38. Mallard 
39. Gadwall 
40. Wigeon 
41. Garganey 
42. Shoveller 
43. Redcrested pochard 
44. Common pochard 
45. Tufted duck 
46. Feniiginous duck 
47. Cotton teal 
48. Comb duck 
49. Goosander 
IX. FAMILY GRUIDAE (Cranes) 
49. Common crane 
50. Sarus crane 
51. Demoiselle crane 
X. FAMILY RALLIDAE (Coots. Rails) 
52. Coot 
Anser anser 
Anser indicus 
Tadoma ferruginea 
Tadoma tadoma 
Anas acuta 
Anas crecca 
Anas poecilorhynctia 
Anas platyrhyncos 
Anas strepera 
Anas penelope 
Anas querquedula 
Anas clypeata 
Netta njfina 
Aythya ferina 
Aythya fuligula 
Aythya nyroca 
Nettapus coromandelia 
Sarkidiomis melanotos 
Mergus merganser 
Grus grus 
Grus antigone 
Anthropoides virgo 
Fulica atra 
XI. FAMILY JACANIDAE (Jacanas) 
53. Pheasant-tailed jacana Hydropiiasianus Chirurgus 
XII. FAMILY RECURVIROSTRIDAE (Stilts, Avocets) 
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54. Blackwinged stilt Himantopus himanotopus 
XIII. FAMILY BURHINIDAE (Stone curlews, Thick-knees) 
55. Great stone plover Esacus magnirostris 
XIV. FAMILY GLAREOLIDAE (Pratincoles, coursers) 
57. Small Indian pratincole Glareola lactea 
XV. FAMILY CHARADRIIDAE (Plovers, Sandpiper, Snipes) 
58. Redwattled lapwing 
59. Spurwinged lapwing 
60. Yellow wattled lapwing 
61. Little ringed plover 
62. Kentish plover 
63. Curlew 
64. Redshank 
65. Common sandpiper 
66. Fantail snipe 
67. Little stint 
XVI. FAMILY LARIDAE (Gulls, Terns) 
68. Brownheaded gull 
69. Blackheaded gull 
70. Whiskered tern 
71. Indian river tern 
72. Blackbellid tern 
73. Indian skimmer 
XVII. FAMILY ALCEDINIDAE (Kingfishers) 
74. Lesser pied kingfisher 
75. Common kingfisher 
76. Whitebrested kingfisher 
Vanellus indicus 
Vanellus spinosus 
Vanellus malabaricus 
Charadrius dubius 
Charadrius alexandrinus 
Numenius arquata 
Tringa totanus 
Tringa hypoleucos 
Gallinago gallinago 
Calidris minuta 
Larus brunnicephalus 
Laws ridibundus 
Childonlas hybrida 
Sterna aurantia 
Sterna acutlcauda 
Rynchops albicollis 
Ceryle nidis 
Alcedo atthis 
Halcyon smymensis 
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APPENDIX IV 
CHARACTERSTICS OF DIFFERENT GRIDS OF THE INTENSIVE STUDY SITES 
WITH NUMBER OF RADIOLOCATIONS IN EACH GRID. 
Grid 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
Left 
bank 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Characterstics 
Right 
bank 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
Stream 
deep pool 
deep pool 
rapids 
rapids 
rapids 
rapids 
rapids 
shallow 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
deep pool 
203 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
2 
2 
2 
2 
2 
2 
2 
2 
4 
3 
3 
3 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
1 
2 
2 
4 
3 
deep 
deep 
deep 
deep 
deep 
deep 
shallow 
shallow 
rapids 
rapids 
rapids 
rapids 
rapids 
shallow 
shallow 
shallow 
shallow 
shallow 
shallow 
shallow 
shallow 
shallow 
shallow 
1 - Rocky bank 2 = Bank with shoreline 
vegetation and marsh 
3 - Sandy bank 4 = Clayey bank 
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